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PREFACE TO THE FIFTH EDITION. 


This Text-liook is intended to serve us ca general intro- 
duction to the study of Botany, nieeting more or less fully 
tlie requircTnents of a wide range of students. It includes, 
for example, all tlie types set for London Intermediate 
Arts and Science and First Medical Examinations, and is 
also suitable for students preparing for Pharmaceutical 
Examinations. 

It is a book written for students and with special 
attention to their difficulties. Throughout, the aim has 
lieen to direct the student’s attention to the leiiding prin- 
ciples of the Science, and to present as simply and as 
clearly as possible the chief facts in connection with the 
structure and life-histories of the ty])es selected. 

No change has been made in the general plan of the 
book. The arrangement adopted, while it may have 
cei-tain disadvantages, probably secures a definiteness and 
precision, ami a possibility of logical development un- 
attainable in otlier arrangements. In this connection the 
student should notice particularly that close and careful 
study of the Text-book should begin with Chapters III.-VI. 
Chapters I. and II., which deal witli the general facts of 
structure and physiology, should first be read through in a 
general way, and then used simply for purposes of reference 
until some practical knowledge of particular types has been 
obtained. 
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PREFACE. 


Advantage has been taken of the necessity for reprinting 
the Text-book to subject it to a complete and thorough 
revision. Some of tlfe chapters, more especially those 
dealing with the Seed, the Natural Orders, and the Evolu- 
tion Theory, have been considerably expanded ; various new 
types have been introduced, either in addition to, or in 
place of, types previously dealt with ; and, throughout, 
care has been taken to see that the book is in line with the 
more salient and relevant results of recent botanical re- 
search. In addition to this more attention has been paid 
to biological detail, for in previous editions insufficient 
stress was laid on the significance of many of the facts of 
form and structure in relation to the life and environment 
of the plant. Where new diagrams have been introduced 
care has been taken as hitherto to make them as clear and 
helpful as possible. 

The author takes this opportunity of making grateful 
acknowledgment of his indebtedness to Professor Cavers 
for permission to use material from Plant Biology ^ Botany 
for Matriculation, and Senior Botany, and for much valu- 
able help in the way of advice and suggestion rendered 
during the course of revision. 


Inverness, September 1910. 
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TEXT-BOOK OF BOTANY. 


INTEODUCTOKY. 

§ 1. Botany is the science which deals with the pheno- 
mena of plant-life. It considers the form and structure 
of plants, their functions and life-histories ; it studies the 
various processes of their growth and development; and, 
by carefully noting the resemblances and differences dis- 
cernible between them, it attempts to draw up a scheme of 
classification, expressing as clearly as possible their affini- 
ties or relationship to one another. 

§ 2. Subdivisions of the Science.-^Plants, like ani- 
mals, may be studied in different ways or from different 
points of view. These constitute different subdivisions or 
departments of BotaSical Science, of which the most im- 
portant are Morphology and Physiology^ We may 
indicate the scope of these by considering a particular 
plant — ^let us say the Sunflower. 

Naturally we should first of aU give our attention to 
external features. We should find that the plant consists 
of certain well-defined parts or members — roots, stems, 
leaves, flowers, etc. ; that, speaking generally, these have 
approximately the same forms in all sunflowers of the- 
same species, while they differ in many respects from 
those of other plants; that the stem branches, and the 
branches have a definite position in relation to the leaves. 

BOT, 1 1 
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INTRODUCTORY. 


By comparing the relative positions of the members in the 
Sunflower with those in other plants it would be possible 
to draw up a classificatrion of plant-members. A study of 
this kind, dealing with the external forms and relative 
positions of plant-members, is called External Mor- 
phology. 

We might then wish to get some knowledge of the 
internal parts of these various members. For this pur- 
pose we should take sections of the stem, root, leaf, etc., 
or examine these in various other ways. Such a study, 
dealing with internal structure, is called Internal Mor- 
phology. It may be carried on in two ways. First, we 
might content ourselves with the naked -eye appearance of 
the internal parts, and examine only the coarser features. 
This is Anatomy. Secondly, we might undertake a closer 
study with the help of the microscope, and make out the 
finer features of structure — the cells and tissues of the 
plant-body. This is Histology. Cytology, the study of 
cell-structure, is a branch of Histology which has been 
greatly developed in recent years. 

Evidently, then. Morphology has regard only to tlie form 
and structure of plants, and pays no attention to the vital 
processes which are carried on. But we might carry our 
morphological studies much further than this. Instead of 
examining the Sunflower at any one particular stage in its 
growth, we might study the form and structure exhibited 
through all the stages, and observe the changes which take 
place. 

Beginning with the seed, we could make out the parts 
of the embryo plant contained in the ^eed ; we could notice 
the gradual' growth of the root and stem, and the forma- 
tion of leayes ; we could study the origin and growth of 
branches finally, we could make % study of the flower 
and investigate the morphological changes which lead up 
to the formation of another seed. This is a study of 
Development. It seeks to discover the earliest begin- 
nings of the organism and to trace the changes and 
modifications which occfur in passing from one stage to 
another. Development might be defined as a history of 
the morphology of an organism. As distinguished from 



INTRODUCTORY. 


'6 


individual development, which is called Ontogeny, the 
development of the race or species to which the plant 
belongs, i.e. its genealogy, or ewlutionary history, is 
spoken of as its Phytogeny, 

Another morphological study is Classification. It is 
based on Comparative Morphology and Development. 
Hero the forms and structures of plants in all stages of 
their life-histories are studied and compared, and accord- 
ing to the resemblances and differences perceived the 
plants are arranged or classified. 

The physiologist, pure and simple, would approach our 
Sunflower plant in quite a different frame of mind. Neg- 
lecting for the moinent its form and structure, he would 
set himself such questions as : — How does the plant obtain 
nourishment? What is the nature of its food-material? 
How are these food-materials assimilated ? What is 
growth ? What processes are carried on in connection 
with growtli ? How is the plant affected by its environ- 
ment? What influence have light, heat, etc,, on plant 
growth ? How is reproduction carried on ? — etc. To 
give an answer to these and all such questions belongs to 
Physiology. Thus Physiology concerns itself with the 
various life-processes — that is, with the functions necessary 
for the welfare of the individual and the perpetuation of 
the species. In this connection the various parts of the 
organism are considered as organs adapted to the per- 
formance of various functions. 

Morphology and Physiology ought not to be regarded 
as separate and independent studies. Harmonious co- 
operation results in mutual benefit. The study of form 
and structure is barren and unprofitable apart from the 
study of function, an^ on the other hand, the study of 
function demands, as ^necessary condition, a minute and 
careful study of form and structure. The recognition of 
this in recent years has led to the rapid development of 
one of the most important and interesting departments of 
Botanical Science, namely, the study of how the form and 
structure of plants are adapted to the conditions of their 
environment. This study, which is both morphological 
and physiological, is known as Ecology (or Oecology), 
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§ 3. General Classification of the Plant Kingdom. — 

There is no need to enlarge on the infinite variety of form 
presented in the Vegetable Kingdom. The beginner in 
Botany is sufficiently impressed with it. The refuge from 
hopeless confusion is found in Classification. At the out- 
set a certain advantage will be obtained if the student 
obtains a bird’s-eye view, as it were, of the country he is 
about to enter. For this reason, and also because it will 
serve as a convenient table of reference, we venture at this 
early stage to give a general classification indicating clearly 
the position of the various plant-types we shall consider 
in the following pages. 

In very much the same way as we might ask the student 
to think of a bird, a fish, an insect, and a mussel, and 
notice how very different they are from each other, so we 
would ask him to consider and contrast four plant-types — 
namely, a buttercup, a fern, a moss, and a seaweed. In a 
general way, he will recognise that they present consider- 
able differences from each other : the Buttercup alone has 
flowers; the Fern has a stout underground stem, roots 
and leaves ; the Moss is a much more delicate plant, with 
stem and leaves but no true roots ; the Seaweed bears no 
members resembling the stem and leaves of the other 
types. Now these four plants may be taken as types of 
the four chief groups of the Plant Kingdom. These and 
the more important subdivisions are represented in the 
following scheme; — 

A, Thallophyta. 

(i) Schizomycetes, commonly known as Bac- 

teria. 

(ii) Algee — ^mostly aquatic plants, including the 

Seaweeds and various fresh-water forms; 
e.g. Pleurococcvs, Chlamydomonas, SpJiasrellaf 
Spirogyra, Vaucheria, Oedogonium, Fucus, 

(iii) Pnngi, inSluding Moulds, Toadstools, etc. ; e.g. 

Mucor, Pythium, Eurptitm, Saccharomyces, 
Agaricus, 
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B. Mnscineaa or Bryopliyta, including the Liverworts 

and Mosses, e.g. Pellia, Funaria, 

• 

C. Fteridophyta, or ‘ya4Eiciilar Cryptogams, e,g. Ferns, 

Horsetails (Equisetum), Selaginellas, and Club- 

mosses {Lycopodium). 

D. Phanerogams, Spermaphyta or Flowering 

Plants. 

(i) Gymnosperms, e.g. Finns, the Pine, the com- 

monest species of which is Finns sylvestris, 
known as the Scots Fir ; also Larch, Spruce, 
Yew, Juniper, Cedar, Cypress, etc. 

(ii) Angiosperms — the highest or typical Flower- 

ing Plants. 

(а) Monocotyledons, e.g. Grass, Lily, 

Narcissus, Orchid, etc. 

(б) Dicotyledons, e.g. Sunflower, Butter- 

cup, Eose, etc. 

The Flowering Plants were called Phanerogams be- 
cause, bearing flowers and forming seed, their method of 
reproduction was regarded as clear or evident (Gr. </)av€pos, 
evident ; ya/xos, marriage) ; the other groups, Thallophyta, 
Bryophyta, and Pteridophyta, were grouped together as 
Cr3rptogams, because their reproductive processes, it was 
thought, were hidden or concealed (Gr. KpvirTos, hidden-, 
ya/xos). These terms are still retained, although they have 
lost their original significance. The reproduction of the 
Cryptogams has been fully elucidated, and, as a matter 
of fact, is more evident than that of the Phanerogams. 



PART I -GENERAL. 


CHAPTER I. 


EXTERNAL MORPHOLOGY AND PHYSIOLOGY. 


§ 1. Unicellular and Multicellular Plants. — The 

lowest plants are of microscopic size and have a very 
simple structure. In the simplest forms of Algse, for 

example, each individual 



CELL-WALL 


-CHLOROPLAST 

'NUCLEUS 


' PROTOPLASM 


Fig. 1. — A Unicellular Alga. 


(Eig. 1) consists of a little 
round sac or vesicle filled 
with a slimy granular sub- 
stance called ^^rotoplasm, in 
which is embedded a denser 
protoplasmic body, the nu- 
cleus, along with others, one 
or several, called chloro- 
plasts, through the substance of which is diffused a green 
-colouring matter called chlorophyll. Such a structure is 
called a cell. The lowest forms of plant-life are one-celled 
or unicellular. In all the higher forms the plant-body is 
multicellular, i.e, it consists of numbers of cells aggre- 
gated toother and closely united with each other. 


§ 2. Differentiation. — In unicellular plants all the vital 
functions are carried on by the single cell ; but in multi- 
cellular forms, as a rule, different parts of the organism 
take on different functions, and each part has a form 
and structure adapted to the performance of its particular 
function. Members which have special forms adapting 
them to the performance of particular functions are said 
to be specialised. Thus the organism consists of parts or 
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members differing from each other. Seeing that these 
various functions are carried on for the good of the 
organism as a whole, it is evident that in such an organism 
there is Division of Labour. The distribution of func- 
tions which characterises this division of labour is called 
Physiological Differentiation ; and the marking off of 
distinct members serving as the organs of particular func- 
tions, which is correlated with it, constitutes Morpho- 
logical Differentiation. 

It is evident that morphological and physiological 
differentiation go hand in hand. In the lower forms, the 
functions carried on are very simple and general, and there 
is comparatively little division of labour, so that morpho- 
logical differentiation is only slightly marked. As we 
ascend from lower to higher forms, however, we find that 
the arrangements become more and more numerous and 
complex, and the division of 
labour correspondingly ex- 
tensive. Hence it is in the 
highest plants that we meet 
with the most pronounced 
and far-reaching differenti- 
ation of members. As a 
matter of fact, speaking 
generally, we distinguish 
between lower and higher 
forms by the degree of 
differentiation and division 
of labour exhibited in each 
case. 

§ 3. The Thallus. — 

Amongst the Thallophyta 
(p. 4) the plant-body is very 
simple. It may be unicellu- 
lar ; when multicellular, it 
usually consists of a flattened membranous expansion, or 
of a mass of branched or unbranched filaments (Fig. 2). 
Various members are in many cases more or less distinctly 
differentiated. As a rule, however, there is no clearly 
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marked separation into distinct members corresponding 
to the root, stem, and leaf of higher plants. In the higher 
forms only of Thallophyta do we find indications of such 
a differentiation. For the most part, the lateral out- 
growths reproduce the structure of the part from which 
they spring. A vegetative structure of this kind is called 
a thaUns. It is specially characteristic of the Algse and 
Fungi, although not confined to these; hence the name 
Thallophyta for the division in which they are placed. 

§ 4. Shoot and Boot. — ^In plants above the Thallo- 
phytes, the plant-body usually exhibits a differentiation 
inte distinct members, which becomes more marked and 
more complex as we pass from lower to higher types. In 
these plants a descending portion, which serves to fix the 
plant in the soil and absorb nourishment, is usually clearly 
distinguished from a part whose tendency is to pass up- 
wards towards the light. These parts are known as the 
root and the shoot In the Bryophyta, however, a true root 
is never differentiated, and in many Liverworts the vege- 
tative structure is a thallus. The shoot is nearly always 
further differentiated into stem and leaf (leafy shoot). 
The differentiation of root and shoot probably arose in 
adaptation to terrestrial conditions of life — ^the earlier and 
more primitive plants being aquatic Thallophytes. 

§ 5. Vegetative Shoot and Beprodnctive Shoot. — In 

many Vascular Cryptogams the same shoot carries on the 
nutritive or vegetative functions and bears the reproductive 
organs ; but in others there is a differentiation of two 
kinds o| shoots — one purely vegetative, the other repro- 
ductive..' This differentiation is carried still further in the 
PJowering Plants, where the reproductive shoots (floral 
region of the plant) are clearly marked off in most cases 
from the vegetative shoots (the foliage region). Our con- 
ceptions of stem and leaf structures are derived from a 
consideration of the foliage or vegetative region of the 
plant. Nevertheless, the flower, although in appearance 
altogether different, consists, like the foliage or vegetative 
shoot, of stem and leaf structures. The differences are due 
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to the fact that in the floral region these structures have 
entirely different functions to discharge. 

w 

§ 6. Higher Differentiation or Specialisation of 

Members. — In the Flowering Plants, the members take 
on very various and often highly specialised or complex 
functions. In each case the special form and structure of 
the member are adapted to the performance of its special 
function. This is why in the Flowering Plants we meet 
with such a manifold diversity of form. When the 
specialisation is of a very extreme character, there is 
often a difficulty in recognising the morphological value 
of the structures under consideration — as e.g, in the 
Pitcher Plant, where the leaves take the form of pitchers. 

In the vegetative region of plants, stems, leaves, and 
roots have undergone many interesting modifications with 
which we shall have to deal in detail when we come 
to consider fully the morphology of these members. At 
present it is desirable that the student should recognise 
that these modifications have arisen simply as adaptations 
to a special environment and for the performance of special 
functions. 

§ 7. Plant-Members. — Thus in the higher plants three 
chief categories of members — members of the first rank — 
are recognised, viz. : roots, stems, and leaves. Accord- 
ing to the various well-marked specialisations met with, 
these may be subdivided into members of secondary rank ; 
thus leaves may be subdivided into foliage leaves, floral 
leaves, and so on.'- And these again may be subdivided. 
In each category or group the members are morphologi- 
cally similar, but members belonging to different groups 
are dissimilar. Thus stem and leaf, stem and root, are 
examples of dissimilar members. 

§ 8. Appendages or Outgrowths. — In addition to 
members wliich are included in one or other of the above 
categories, other members of subordinate rank are found 
in plants. They are of the nature of appendages or out- 
growths of the members of the first order. Their forms 
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are innumerable, for they include all the different kinds of 
hairs, prickles, etc. They may be developed on all parts 
of the plant, but chiefly on stem and leaf structures. 

§ 9. Symmetry of Plant-Members. — Plant-members 
usually exhibit more or less well-marked symmetry. They 
may be divided in certain directions so as to give similar 
halves. The forms and degrees of symmetry are various, 
the two chief ones being : — 

(a) Badial Symmetry. — ^Where the member can 
be divided into similar halves by a number 
of planes (two or more) passing through some 
particular axis. 

(h) Bilateral Symmetry. — ^Where the member 
can be so . divided by only one or, at most, 
two planes. 

For example, most stems and roots have radial symmetry ; 
they are tmmlly perfectly symmetrical round their longi- 
tudinal axis ; so also many flowers, and a few cylindrical 
leaves {centric leaves, e.g. the Onion). 

There are two kinds of bilateral symmetry : — 

(i) The member may be divisible in two planes at right 
angles. In this case the halves formed by division along 
one plane resemble each other, but differ from the halves 
.formed by division along the other plane. Thus the 
walnut may be divided along the line which separates the 
two valves of the fruit, or at right angles to this. So 
also the leaf of the Iris. It is a vertical leaf and shows 
similar right and left surfaces. It may be divided longi- 
tudinally?' either parallel to these surfaces or at right 
angles to them. This form of symmetry is known as 
thelsobilateral.' 

(ii) There may be only one plane of symmetry. Here 
the symmetry is zygomorpbic and the member is mono- 
symmetrical. Examples of this are common. It is seen 
in many flowers, e.g, the Pea or Violet. When the zygo- 
morphic symmetry is such that distinct lower and upper 
surfaces can be distinguished, the members are said to be 
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dorsiventrcd. This is the case in the common or bifacial 
type of leaf. Sometimes, however, bifacial leaves, owing 
to greater development on one side, are asymmetrical, 
i.e. have no plane of symmetry at all, e.y. the leaf of the 
Lime. 


§ 10. Branching of Members. — The various members 
of a plant may bear other members either like or unlike 
themselves, i.e. similar or dissimilar. Thus roots may 
bear lateral secondary roots, i.e. 
similar members ; stems may 
bear secondary stems and leaves, 
i.e. both similar and dissimilar 
members. The development of 
similar members is called branch- 
itig. 

There are two chief ways in 
which branches may be produced 
— ^two chief types of branching; — 

{A) dichotomous branching 
(Fig. 3, a) ; {B) lateral branch- 
ing (Fig. 3, B, c). 

In dichotomous branching the 
growing apex of a stem or a root 
is divided into two and each part 
grows out into a branch. The 
branching in this case consists 
of a series of bifurcations. True 
dichotomy is comparatively rare, 
at least in the higher plants. It probably does not occur 
at all in the Flowering Plants; but examples of dicho- 
tomous branching are found in the Vascular Cryptogams 
and Bryophyta, and are common amongst Thallophytes. 

In lateral branching the branches arise as lateral out- 
growths a short distance behind the extreme apex of the 
growing region of the parent member. This is the charac- 
teristic mode of branching in the Flowering Plants. 

If the pai’ent member continues to grow, and develops 
numerous lateral branches, one after the other, the lateral 
branching is said to be indefinite or racemose (Fig. 3, b). 



Fig. 3.— Forms of Branching. 
A, Dichotomous ; B, Ihiconiose ; 
C, Cymose. 
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If, as is nearly always tlie case, these numerous lateral 
branches are produced in regular order, and in such a way 
that the youngest lie nearest the apex, they are said to be 
developed in acro^etal succession. 

If, however, the parent member ceases to grow after 
producing one or a very few branches, and the growth is 
continued by these branches repeating the process, the 
lateral branching is said to be definite or cymose. Thus 
in Fig. 3, c, axis 1 produces axis 2 and ceases to grow ; 
2 produces 3 ; 3 produces 4 ; and so on. 

A. Dichotomous, 

B. Lateral. 

(а) Indefinite or Bacemose (Monopodial). 

(б) Definite or Cymose. 

Here we have a general table of branching which will 
be supplemented and illustrated in connection with the 
detailed description of the morphology of roots, stems, 
leaves, and inflorescences. 

§ 11. ITntrition and Growth. — ^We have already seen 
that the lowest forms of plants are unicellular. In typical 
cases the cell (§1) consists of a nucleated speck of proto- 
plasm containing one or more chloroplasts and enclosed in 
a delicate membrane or cell- wall. The protoplasm is the 
living substance of the cell. The cell-wall merely supports 
.and protects the protoplasm. If we examine such an 
organism carefully we find that it grows in size and repro- 
duces itself. Now it is evident that there must be some 
source from which it draws food-materials, and certain 
vital processes or functions must be carried on in order 
that thejfe materials may be assimilated or built up into 
its own substance. These processes are the same in kind 
as are carried on by all green plants, but in these unicel- 
lular plants they are all performed by a single cell, and 
may therefore be studied in their simplest forms. 

^e first consideration is that food-materials, of what- 
ever kind they may T)e, cannot, owing to the presence 
of a definite cell- wall, enter the cell in solid form, but 
must do so in solution. Here we have what is sometimes 



EXTERNAL MORPHOLOGY AND PHYSIOLOGY. 13 

regarded as a fundamental distinction between a plant 
and an animal. All plants take in their food-material in 
solution. , 

Our green unicellular plant grows either in water or on 
some moist substratum. The water, with various sub- 
stances in solution, passes by diffusion through the cell- 
wall and is absorbed into the interior of the cell. The 
dissolved substances are of a very simple character. The 
most important of them are certain mineral substances, 
such as nitrates, sulphates, phosphates, and carbon dioxide 
(COg). Here we have another important point of dis- 
tinction between an ordinary green plant and an animal. 
Green plants take in their food-material in the form of 
simple inorganic substances. Animals cannot live on 
simple inorganic substances ; they must feed on complex 
organic compounds, such as carbohydrates, fats and oils, 
and proteids. 

The question now arises — how are these simple com- 
pounds built up into living protoplasm, which is an 
extremely complex unstable substance containing carbon, 
oxygen, hydrogen, nitrogen, sulphur, and phosphorus, but 
whose exact composition has not yet been determined? 
The building up of a complex unstable substance from 
simple stable substances necessitates the expenditure of a 
certain amount of energy. In animal nutrition this 
energy is derived from the food-materials themselves. The 
proteids, fats, and carbohydrates absorbed contain a large 
store of potential energy. Little or no energy can, how- 
ever, be obtained from the very simple inorganic substances 
assimilated by green plants. What, then, is the source of 
energy ? The answer will be clear if we consider the 
conditions of assimilation. 

It has been determined that from the water and carbon 
dioxide absorbed certain organic compounds of the nature 
of carbohydrates are formed. This process is called 
carbon assimilation or photosynthesis. It requires the 
presence of light and of chlorophyll. The conclusion we 
come to is that sunlight is the source of energy, and that 
chlorophyll is a subs^nce which enables the plant to make 
use of this radiant energy, just as the manufacture of cloth 
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from raw fibre requires not only some form of energy, but 
also a special mechanical apparatus. More complex com- 
pounds are then elaborated, containing nitrogen derived 
from the absorbed nitrates. Finally these complex com- 
pounds are made use of by the protoplasm in building up 
its substance. 

If the student carefully reflects on the process so far 
described he will recognise that in both plants and animals 
living protoplasm makes use of complex compounds in 
building up its substance, but, whereas animals derive 
these compounds already manufactured (by feeding on 
plants or other animals), the green plant must elaborate 
them for itself from the simple inorganic solutions which 
it absorbs. Hence the necessity (in most plants — see § 12) 
for the presence of chlorophyll and for exposure to light. 
The plant, as it were, starts its chemical processes at a 
lower level than the animal. 

Thus the protoplasm in our unicellular plant obtains 
nourishment and increases in amount. But what of the 
cell-wall ? It also must increase in surface-extent. How 
is this effected ? The cell- wall consists chiefly of a sub- 
stance called cellulose, much simpler in composition than 
protoplasm. During growth new molecules of cellulose 
are formed from the protoplasm and are deposited in the 
cell-wall. Now a complex substance to produce a simpler 
substance must undergo decomposition. The growth of 
the cell- wall, then, implies decomposition of protoplasmic 
substance. 

This is characteristic of all growth. Not only are there 
synthetic or “ building up ” processes which may result in 
the elaboration of protoplasm, but there are also “ break- 
ing dow^” processes, processes of decomposition. The 
fojemer are called anabolic, and constitute anabolism; 
tlfe latter katabolic, and constitute katabolism. The 
sum-total of the chemical processes going on, anabolic and 
katabolic, constitutes metabolism. 

This decomposition of the protoplasm is a process of 
oxidation ; in connection with it there is an absorption of 
oxygen ; in other words, there is a process of respiration 
similar to what goes on in animals. The decomposition 
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results in the formation of certain substances, of which 
some are directly used in building up the substance of the 
plant (plastic substances') , others are only indirectly useful 
(secretions) j and others finally have no evident use (excre- 
tions). The decomposition also sets free a certain amount 
of energy. In plants this is chiefly expended in the pro- 
cesses of growth, although a certain amount may be 
dissipated in other ways. 

Hero again we may institute a comparison between 
plants and animals. In animals these katabolic processes 
are active. In a full-grown animal the loss of matter (by 
excretion) and of energy in katabolisin nearly equals the 
gain made in anabolism. This is correlated with the much 
greater activity exhibited by the animal organism. In 
plants, on the other hand, anabolism is greatly in excess of 
katabolisin, so that in plants there is continual increase 
in the amount of plant- substance. This is correlated with 
the passivity and lack of movement characteristic of plants. 
The animal is essentially active and katabolic, Avliile the 
plant is essentially passive and anabolic. 

Although we have described the general processes of 
metabolism with special reference to a unicellular plant, 
they hold good for all green plants. Thus a seaweed 
absorbs simple inorganic solutions over its whole surface. 
These pass from cell to cell through the whole plant, and 
are elaborated as above described. 

In higher plants, special members are developed to 
perform the work of absorption. The root serves to fix 
the plant and absorbs solutions of minemT salts from the 
soil. In root, slem, an3 leaf a system of conducting tissue 
IS developed, by means of which the solutions absorbed by 
the root are conveyed to the leaves. T ^e folia ge leaf is 
the or^an f absorption of carCoiTSioxme which 
is derived from the atmosphere. In the cells of the leaf 
elabomtion of these food-materialT Ts carried bh. Tlie 
c<^p!ex bir^Md (iom^ thus formed are distributed 
over the plant and are made use of by the living proto- 
plasm. In addition to this t he leaves ar e active respiring 
organs and also give off largen^antities pr w^ 

(]^bcess ot trans^raHon)' ^ ^ " 
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§ 12. Plants without Chorophyll. — Some plants have 
no chlorophyll, e.g, the Fungi and a few flowering plants. 
From what has been, said above it will be evident that 
these plants cannot assimilate simple inorganic food- 
materials. They can only make use of food-material con- 
sisting of complex organic compounds. In this respect 
they resemble animals, but the compounds are simpler than 
those required by animals. These complex compounds may 
be obtained either from living organisms or from decaying 
organic substance. In the former case the plants are 
parasites. They send down absorbing organs into the 
tissues of some living plant or animal (called the host), 
and thus obtain their nutritive material. In the latter case 
they are called saprophytes. 

§ 13. Zteproduction. — Two methods of reproduction 
are met with in plants : — (a) asexual or agamogenetic ; 
(b) sexual or gamogeuetic. The asexual method consists 
essentially in the separation from the parent organism of 
a part winch gi’ows directly into a new organism. The 
part separated off may be simply a more or less specialised 
portion of the vegetative region, e.g, the potato-tul>er. 
This is vegetative rejproduction. If it is a highly specialised 
single reproductive cell (spore) it is asexual sjpore-repro^ 
duction. In vegetative reproduction the new organism 
produced resembles the parent; in asexual spore-repro- 
duction this may or may not be the case. 

The sexual method consists in the separation of two 
sexual cells (gametes), each of which is incapable by itself 
of producing a new organism, but which fuse together and 
produce a new cell (the zygote, or sexually produced 
spore) ^th altogether new properties, which is able to 
(|eYelop into a new plant. In many Thallophyta the 
^j^ihetes are similar. In the higher types they are clearly 
differentiated into male and female — ^the former {e.g, 
spermatozoid) corresponding to the spermatozoon of the 
animal, the latter to the ovum. 

A spore may be d^ned as a highly specialised repro- 
ductive cell which is capable by itself of giving rise to a 
new organism. It may be produced sexuaUy or asexually. 
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§ 14. Kelation to Environment. — ^The intimate re- 
lation which exists between a plant and its environment is 
shown by the fact that plant-membeA always have a form 
and structure adapted to the particular conditions in wliich 
the plant lives. These forms and structures can only be 
explained by a reference to these conditions. A plant 
which is not adapted to or in harmony with its surround- 
ings dies. The living protoplasm is constantly subjected 
to the stimulating influence of external agencies, such as 
light, heat, gravity, etc., and it is constantly responding 
in particular ways to these influences. We shall have 
to consider some of the results of this on growth in a later 
chapter (VIII.). 

§ 15. Homology and Analogy. — In the course of this 
chapter we have suggested two distinct principles of the 
highest importance to the biological student. We may now 
clearly explain and state them. We have seen that a study 
of morphology leads to the recognition of similar members, 
morphologically similar. Thus stems, whatever their 
special form, are similar members. So also leaves. Mem- 
bers morphologically similar are said to bo homologous, or 
the homologues of each other. Homologous members or 
structures are recognised by the relations of their position 
and development. Homology is the tenn by which we 
express a resemblance existing between various members 
aS^regards their position and development. We have seen, 
however, that homologous members may take on many 
different forms according to the functions which they 
carry on. Thus foliage leaves, floral leaves (sepals, petals, 
etc., of a flower), although homologous, have distinctly 
different forms. 

On the other hand, in some plants the climbing organs 
called tendrils are morphologically leaves or leaflets, e.g. in 
the Pea; while in others, e,g, in the Vine, they are mor- 
phologically stems. Here we have structures apparently 
similar, namely tendrils. Yet they are not homologous. 
Their resemblance to each other is physiological, not 
morphological. They have similar functions, and have 
therefore, by way of adaptation, assumed the same form. 

BOT. 2 


4 /I c-i fi 
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Mem bers which present resemblances of this kind a re said 
to be analogbus, or the analogues of each otBSC"^ Analog 
is the term we use hen we wish to express this resem- 
blance. It is, of course, unnecessary to add that many 
members are both homologous and analogous, e.g, the 
ordinary foliage leaves of one flowering plant with those 
of another. 

The student will now be able to understand the two 
principles referred to. They are : — (a) members morpho- 
logically similar (i.e. homologous) may be differently 
modified for the performance of different functions; 
(Jb) members not morphologically similar may be similarly 
modified for the performance of the same function. These 
principles should be kept in mind, and illustrations of 
them, in the following chapters, carefully noted. 



CHAPTER II. 

aENEEAL HISTOLOGY. 

A. The Cell. 

§ 1. Cellular Structure of Plants. — We have already 
explained (p. 6) that the substance of the plant- body is 
not homogeneous, bdt, in all except the lowest forms, con- 
sists of aggregations or unions of microscopic structures, 
called cells, each living cell consisting of a tiny mass of a 
viscid substeScer called protoplasm, bounded by a distinct 
^mhmne, the cell- wall. These cells can be readily seen 
by teasing out the substance of a very ripe, mealy apple in 
water, and examining it under the microscope; also in 
thin microscopic sections of stems, roots, and other parts 
of plants (see, e.^.. Figs. 19, 60). The protoplasm is the 
essential or living substance of a cell, and the seat of all the 
vital processes. The cell- wall is formed by the protoplasm, 
and, during the life of the cell, is added to and moulded in 
various ways according to the special functions it has to 
carry on. 

The cell- walls, therefore, ai-e to be regarded as constitut- 
ing a skeleton or framework, giving support to the living 
substance, and firmness and strength to the whole organism. 
They do not, however, prevent communication between the 
living substance of the various cells, for the protoplasm 
of one cell is connected with that of others by means of 
extremely delicate threads passing through the cell-wall. 
Thus the living cells of a plant are bound together in 
organic imion, and carry on in harmony the various pro- 
cesses necessary for the life of the plant. 

In the lowest forms of multicellular plants, the organism 
consists of an aggregation of similar cells, all carrying on 
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very much the same functions ; but in higher forms, corre- 
lated with the physiological differentiation which has taken 
place, there is what is called Histological Differentiation. 
In other words, many different kinds of cells, more or less 
definitely arranged in groups, can be recognised, the form 
and structure of the cells in each group depending on 
the functions entrusted to them. This differentiation 
becomes more and more marked as we pass from lower to 
higher types. In the Thallophyta and Bryophyta, all parts 
of the organism consist of living cells, although these cells 
may present many different forms. For this reason these 
two divisions are distinguished as ** cellular plants.” 

A considerably higher differentiation is exhibited by the 
Pteridophytes and Flowering Plants, in which, owing to 
their adaptation to an existence on land, elaborate ai*range- 
ments have been developed for the proper conduction and 
distribution of nutritive substances. In these groups, in 
addition to typical living cells having an infinite variety of 
form, long, slender, and often tubular structures of an al- 
together Afferent character can be recognised. These run 
through the masses of cells, sometimes irregularly, more 
often in definite strands or bundles (see Fig. 61). They 
are, to a large extent, structures adapted for the rapid 
transmission of nutritive fluids, that is, vascular structures. 

Although very different in appearance from typical cells, 
a study of their development shows that all these tube- 
like structures are really formed by4he union and altera- 
tion of young cells. The Pteridophytes and Flowering 
Plants are distinguished by the presence of such vascular 
structures in their tissues, and are therefore spoken of as 
” Vascular Plants.” Hence also the term Vascular Cryp- 
togams for the Pteridophytes. Thus, however extensive 
the differentiation may be, we may say that all parts of 
plants are made up of cells or of structures, or elements, 
derived from cells. 

§ 2. Protoplast or Enerjtid.— In section, the cells of a plant 
present a general resemblance to the cells of a honey-comb. This 
was the ongin of the term *‘oell.” In many ways it is misleading 
and inaccurate. In plants each fully formed cell or tube has its 
own proper wall, and by suitable methods can be isolated for indi- 
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vidual examination. The walls of the cells in a honey-comb, on 
the other hand, are common walls. Again, the protoplasmic con- 
tents are the essential part of a cell. As ^ matter of fact, in certain 
stages of the life-history, certain of the protoplasmic bodies have 
no protective membrane — e.g. the ovum or egg-cell and the sperma- 
tozoid. Here the term “cell” is not at all appropriate, and the 
case is not improved by the use of such terms as naked celly^ 
primordial etc. The term “ cell,” however, has become so 
fixed ill the nomenclature that it is impossible to avoid using it. 
At the same time many botanists have now come to apply the terms 
“protoplast” or “energfid” to any living uni -nucleated proto- 
plasmic unit, whether enclosed in a cell-wall or not. 


§ 3. The Young Cell, — ^Young cells are always found 
at points where growth is going on (growing-points) — 
e.g, at the apex of a stem. They ai^e called initial or 
meristematic cells. They 
show repeated division into 
two, and it is in this way 
that new cells are produced 
in the plant. These young 
cells have very simple defi- 
nite forms. They show no 
trace of the differentiation 
which in the higher types is 
so marked in the older parts 
of the plant. At the grow- 
ing apex of a stem or root 
they are always more or less 
four-sided or polygonal in 
section (Fig. 4, a). In some meristematic regions (cambial 
layers, see § 20) they are elongated and flattened (Fig. 4,b). 

In all cases, however, the cell-walls are extremely thin, 
and the protoplasm completely fills the cell-cavity. The 
general protoplasm of the cell (as in all living cells) is 
called the cytoplasm. It is always more or less granular, 
and embedded in it are several denser and more highly 
specialised j^rotoplasmic bodies. Of these the lai^est and 
most important is the nucleus. It is probably an essential 
constituent of the living'SSIiraithough its presence in some 
of the lowest forms has not yet been demonstrated. The 
others usually present are known as plastids. 



Fig. 4.— A, Youno or Herirtebiatic 
CEL ia; U, Cam RIAL Cell. 
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§ 4. The Cell- Wall. — The cell-wall in young cells, and 
in many fully developed cells, consists of a substance called 
cellulose, with whidh are associated other substances 
known as pectic compounds. Cellulose is a carbohydrate, 
i.e. it is one of a large group of organic substances, con- 
sisting of the chemical elements carbon, oxygen, and 
hydrogen, in which the hydrogen and oxygen are in the 
same proportions as in water (water = H^O). The 
formula of cellulose may be given as n (CgHioOg), the 
value of n being doubtful. 

Cellulose is readily recognised by the use of reagents. 
It is dissolved by an ammoniacal solution of cupric 
hydrate (Schweizer*s reagent), which does not act on the 
pectic substances. With Schulze’s solution it turns blue ; 
v{ith. iodine so lution and sulphuric acid it swells up and 
turns blue.* The molecules of cellulose are 
armngeS in groups forming particles, each invested by a 
film of the watery sap which permeates the cell-wall. It 
is because of this that substances in solution in water 
can diffuse through the cellulose wall. 

§ 5. The Protoplasmic Substance. — Protoplasm is 
essentially clear and jelly-like, but often presents a granular 
appearance, owing to the formation of various bodies 
within its substance. It is an extremely unstable sub^ 
stance of highly complex composition, and when dead is 
found to consist mainly of proteid substances, which are 
highly complex compounds of carbon, hydrogen, oxygen, 
nitrogen, sulphur, and occasionally phosphorus, but whose 
exact composition has not yet beSsn determined. Thus 
protoplasm contains these chemical elements in very com- 
plex proportions. Phosphorus is always present in the 
protoplasmic substance of the nucleus, but it does not 
appear to be an essential constituent of protoplasm in 
general. 

* Sohulze’s solution (also known as ohlor-zinc-iodine) is prepared 
by dissolving zinc chloride, potassium iodide, and iodine, in certain 
proportions, in distilled water. Iodine solution is best made by 
dissolving iodine in a solution of potassium iodide and diluting 
with water. 
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Protoplasm is coagulated by alcohol and acids, and also 
by heat, the temperature at which coagulation takes place 
varying according to conditions. Iodine solution stains 
protoplasm yellow, the denser forms {e,g, nuclear sub- 
stance) brown. Protoplasmic substance is dissolved by 
solutions of caustic potash and chloral hydrate. Like the 
cell-wall, all protoplasmic substance is permeated with 
water. The vital power of protoplasm seems to depend on 
the constant presence of water. From this alone the 
student can readily infer the essential importance of water 
to the life of the plant. 

§ 6. The Nucleus is a body of the highest importance 
in the life of the cell. It appears to be the originating 
centre of all the vital proces- 
ses — ^the initiator and director 
of all the cell’s activities. 

According to some it plays an 
important part in connection 
with the nutrition of the cell. 

It seems, however, to exercise 
a special control over repro- 
ductive processes. This wiU 
be evident when we come to consider the processes of cell- 
division and sexual reproduction. 

The nucleus (Fig. 5) is bounded by a delicate nuclear 
membrane formed from the surrounding cytoplasm. In- 
side there is a semifluid ground-substance, the nucleo- 
hyaloplasm, in which is embedded a neWork of flne 
fibrils usually spoken of as the chromatin network. In 
the ground-substance also, lying in the meshes of the 
chromatin network, are to found one or more small 
granular bodies, the nucleoli. The chromatin network 
and the nucleoli are the parts which take on stains most 
readily. 

Nuclei are usually spherical or oval in form, but may be 
flattened or more or less elongated. They are never 
formed “de novo,” i.e, by the simple aggregation and* 
differentiation of the protoplasmic substance, but always 
by division of pre-existing nuclei. The division of the 



Fig. 6.-— Nucleus. 
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nucleus is either direct or indirect. In the former method 
there is a simple splitting or bipartition, which is not 
accompanied by thee division of the cell. This direct 
method is known as firagntentation ; it is found chiefly 
in old cells which become multinucleate. In the indirect 
method a complicated series of changes is gone through 
which constitute what is known as karyokinesis or mitosis 
(see § 18). It is followed by cell-division. 

§ 7. In some cells either one or two small spherical bodies have 
been observed lying close to the nucleus. These are called centro- 
spkeres. The centrospheres present in animal cells are regarded 
as important structures ; but, in plant cells, their presence has 
been definitely established only amongst the Thallophyta and 
Muscinese, where they are especially prominent during nuclear 
division. Apparently they are not to be regarded as permanent or 
essential structures in plant cells. 

§ 8. The Flastids (Figs. 4, a and 16), like the nucleus, 
are highly specialised and differentiated portions of proto- 
plasmic substance. Similarly, they are not formed “de 
novo,” but always multiply by division (direct). The 
substance of the plastid has a spongy texture. There is 
a clear, semifluid ground-substance, in which is embedded 
a network of strands or fibrils of denser proteid. 

§‘9. Processes of Histological Differentiation. — In 

the very young or embryo plant all the cells are meriste- 
matic, but in the older plant the meristematic cells are 
confined to certain points or regions which are distinguished 
as ‘‘ growing-points ” — as, e.gr., the apical cell or cells of a 
thallus, the aj^x of stem or root. This localisation arises 
from the earfy commencement of histological differentia- 
tion. , The cells which are formed are gradually altered 
or^ modified in various ways to adapt them to the perfor- 
mance of different functions, and in this way are pro- 
duced all the varieties of cell and tissue met with in the 
fully developed organs of a higher plant. All these 
different hinds of cells or cell-structures are derived hy 
modification of various hinds from the young cells ^produced 
at growing-points. 
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Before we can satisfactorily describe these various forms 
and kinds of cells, we mnst consider the nature of the 
changes or modifications which give rise to them. In 
other words, we must give some account of the processes of 
histological differentiation. These changes affect both the 
cell-wall and the cell-contents. They may be roughly 
tabulated thus : — 

(1) Growth in surface-extent of the cell- wall. 

(2) Thickening of the cell-wall. 

( 3) Chemical alteration and impregnation of the cell- wall. 

(4) Changes in the contents. 

(5) Cell-fusion. 


§ 10. Growth of CeU-WaU in Surface-Extent.— In 

other words, the cell grows in size. This growth may be 
uniform or localised. If uniform. 


the young cell simply develops into 
a larger cell of the same form. If 
localised, the resulting cells assume 
new forms. 

If, for. example, the young cell 
grows more especially at three or 
four particular points, the resulting 
cell will show a number of radiat- 
ing arms or outgrowths (the stellate 
form — Fig. 2 7, a) . If rapid growth 
is confined to two opposite points 
the cell becomes very long and 
pointed. This elongated pointed 
kind of cell is very common. It is 
called the prosenchymatons form 
(Fig. 6), and is to be distinguished 
from the parenchymatous form, 
in which the cell is usually not 



Fig. 6.— SCLERRNCIIYMA 
(Prosrnchymatous). 


much longer than it is broad, and 

• X • j. j mi 1 - a thickened 

IS not pointed. The parenchyma- bast -fibre, 

tons form shows considerable 


variety, e,g, it may be rounded, oval, polygonal, prismatic, 
tabular or flattened, stellate, etc. Localised growth in 
surface-extent, then, gives rise to different forms of cells. 



26 


GENERAL HISTOLOGY. 


§ 11. Thickening of the Cell-Wall, — ^The thickening 
of the cell- wall does not begin till the cell has reached its 
full size. It also may be uniform (general) or localised. 

In the former case the 



Fig. 7 .— Types of Thickenino. 

A, Annular ; B, Spiral ; C, lieticulate. 


cell- wall is equally 
thickened all round. 
Strictly speaking it is 
rarely met with. Lo- 
calised thickening is 
the rule. In this case 
only certain parts of 
the wall are thickened. 

The character of the 


thickening varies very 
much. In some cases it takes place in rings, so that we 


get annular bands formed on the inner surface of the 


cell-wall (Fig. 7, a). In other cases the thickening is 


along a spiral line (Fig. 7, b). We may imagine that 
this is due to the annular thickenings of the former case 


becoming interrupted and running into each other ; as a 
matter of fact we find cases where the thickening is partly 
annular, partly spiral. If now we imagine the turns of 


the spiral to be arranged very closely, so that at intervals 
they fuse, we get the next type of thickening, the reti- 
culate (Fig. 7, c). Here the 


thickening forms a network or 
reticulum on the inner surface of 
the cell-wall. 

The transition from this to 
the pitted)^ or dotted type of 
thickening - (Fig. 8) is easy ; we 
have only to imagine that the 
strands of the network become 



very thick and the meshes cor- Fig. 8 .— pitted cells. 

respondingly reduced. In this a, Surf^ view ; b, Ceii cut 
case the whole of the wall, with in s^on and surface view, 
the exception of numerous small 

circumscribed areas, undergoes thickening. When exam- 
ined under the microscope these unthickened areas appear 
like perforations, apertures, or dots, according to their 
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size, hence the terms pitted or dotted. The student should 
carefully notice the transition, readily recognisable, from 
the simple annular type to the more perfect pitted type. 

The thickening substance is laid down on both sides of 
the original cell-wall. This, however, can generally be 
distinguished in the middle of the 
thickened waU, and is known as the 
middle lamella (Fig. 9). It is evi- 
dent, then, that just as localised growth 
in surface-extent results in the develop- 
ment of different forms of cells, so 
localised thickening leads to the forma- 
tion of different patterns or markings on 
the cell- wall. These markings are most 
characteristically and most distinctly 
developed on wood-elements (wood-ves- Fig- 9 .— thickened 
sels and tracheides), but are not by any 
means confined to these. 



Sometimes the thickening of the cell- wall is so extensive 
that the cavity is almost obliterated. This is frequently the 
case in the elements forming a tissue called sclerenchyma 
(Figs. 9, 6 b) . If pits are present they become transformed 

into canals running 

i A C through the thickened 

^ curious form of 

'T TT T bordered pit 

{tjr \yy IK, (Fig. 10), is developed 

Qjj walls of many 

^1 Hi I [ wood- vessels and tra- 

* cheides. Here a circu- 


Fig. 10.— The Bordered Pit. lar area of the Cell- wall 

A, Longitudinal se^ionj B, Surface view; remains Unthickened, 
o.8«n..p™«e. and the edge of the 

thickening matter all round this arches over it in a dome- 
like manner. The apex of the dome, however, is open, so 
that there is an aperture leading from the small cavity 
covered over by the dome into the cavity of the tracheide 
or vessel. A similar structure is developed at exactly the 
same point in the adjacent tracheide or vessel. 
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A glance at Fig. 10, a, c, will now show that in the wall 
separating the cavities of the two vessels or tracheides 
there is a lenticular space across which stretches the 
original unthickened cell-membrane. In a surface view of 
the structure (Fig. 10, b) we see the small aperture at the 
apex of the dome as a small circle, surrounded by a larger 
circle representing the edge of the unthickened membrane 
where the thickening matter begins to arch over the 
lenticular cavity. 

The student will get a good idea of this structure if he 
takes two small wooden dishes shaped like watchglasses, 
makes a perforation in the bottom of each, and places 



Fig. 11.— Borderkd Pits 
IN Surface View. 

A, Circular; B, Elongated 
(sctilarifomi). 



Fig. 12.— Oval Bordered 
Pits. 

A, Longitudinal section ; 
B, Sinf;ice view. 


them rim to rim with a thin sheet of paper between. The 
thin paper between the dishes will represent the un- 
thickened cell- wall. It should be noticed that the thin 
membrane in a fully developed bordered pit shows a slight 
swelling or ^ickening in the middle, called the torusy and 
is frequently" found pushed over to one side so as to close 
the pit. 

These bordered pits are frequently met with on the walls 
of the wood-elements of Angiosperms and Vascular Crypto- 
gams, but they are most typically developed on the wood- 
elements (tracheides) of Cj-ymnosperms. 

Sometimes the pits on a wood-element are very much 
elongated transversely. In this case the thicken^ bars 
between the elongated pits look like the rungs of a ladder ; 
hence the name scalarifornii applied to this type of 
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thickening. The pits in this scalariform type are frequently 
bordered (Figs. 11 b, 12). 

§ 12. Note.— The growth and thickening of the cell-wall 

is due to the formation of new particles of cellulose by the proto- 
plasm, and their incorporation in the cell-wall. According to some, 
tiiese particles are laid down in layers on the inner surface of the 
wall. This is the apposition theory. Here, increase in surface- 
extent is supposed to be due to stretching of the wall. Otliers 
maintain that the new particles are intercalated, or pushed in 
between those already present. This is tlie intussnsception 
theory. Probably both processes go on together, apposition being 
more impoi'tant in the case of tliickening, intussusception in the case 
of growth in surface extent. 

§ 18. Impregnation and Chemical Alteration of the 
Cell-Wall. — The thickened cell- wall may show much the 
same chemical characters as tlie young cell -wall, i.e. it may 
consist of cellulose with associated pectic substances. But, 
in many elements, the wall during growth becomes impreg- 
nated with various substances or altered in other ways. It 
may be cutinised, suberised, lignified, converted into 
mucilage, or impregnated to a greater or less extent with 
mineral matter. 

Cntiuisation is due to the chemical alteration of the 
cell-wall accompanied by impregnation with a waxy 
substance called cutm. This modification is most com- 
monly seen in the outer layers of the external walls of 
epidermal cells, where it ^s been called cuiicularisa- 
tion. The cutinised layers extend over the epidermis, 
forming a membrane known as the cuticle (see Fig. 
33, a). The properties of the cell- wall are completely 
altered by this change. It not only gives firmness to the 
walls, but also renders them almost impermeable to 
water. 

Suberisation is a very similar modification, due to the 
formation of a. waxy or fatty substance called suherin. 
This change is met with in cork cells, and, like cutinisation, 
it renders the ceU- walls impermeable to water. Cutinised 
or Corky walls are stained yellow by iodine solution, yellow 
or brown by Schulze’s solution. They are not acted on by 
sulphuric acid. 
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Lignification was formerly ascribed to the formation 
in the cell-wall of a substance called lignin. More pro- 
bably it is due to chemical alteration of the cell-wall and 
its impregnation with various substances. It is met with 
only in thickened cell-walls, as in the cells or elements of 
wood and sclerenchyma. While giving great strength and 
rigidity to the cell-wall, this change does not interfere with 
its elasticity or permeability. Lignified walls are stained 
a bright yellow by aniline sulphate (or chloride), yellow, 
or sometimes brown, by iodine, yellow by Schulze’s solu- 
tion ; under the action of iodine and sulphuric acid they 
become brown and swell up. * 

Mucilaginous walls, when dry, are hard and horny. 
The property which peculiarly distinguishes them is their 
great capacity for absorbing water. When moistened 
or soaked in water they swell up and become soft and 
sticky. This property of absorbing and retaining water 
is of use to plants which are exposed to periods of drought 
or risk of desiccation. In extreme cases the absorption 
of water may lead to the disorganisation of the mucila- 
ginous cell-wall, and produce drops of gum. This is 
the origin of the exudation of gum seen on the stems 
of cherry and other trees, also in many bud-scales. The 
process of germination is facilitated in various seeds, 
e»g. the Flax, because, owing to the mucilaginous char- 
acter of the cell-walls of the seed coat, the seed readily 
adheres to the soil. Mucilage, chemically, is closely 
allied to cellulose, of which it may be regarded as a 
modification. 

Of the m^eral substances deposited in the cell- wall 
silica, calciuiih carbonate, and calcium oxalate are the com- 
monest. Silica is often found so completely impregnating 
the cellulose wall that if the tissue is burned a complete 
j^oeous skeleton of the cells is left behind, e,g. in the 
epidermal tissues of grasses. Isolated crystals of calcium 
oxalate or, less frequently of the carbonate are occasion- 
ally found in cell-walls. The distinguishing test for these 

* See footnote, p. 22. Aniline sulphate solution is a saturated 
solution of aniline sulphate in water, to which a drop of sulphuric 
acid is added. 
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mineral substances is dilute acetic acid. Calcium oxalate 
does not dissolve in this acid : but calcium carbonate does, 
with an evolu- 


tion of gas (COj). 
Both are acted on 
by hydrochloric 
acid. 




I 


EPIDERMIS 


The most inter- 
esting form in 
which calcium car- 
bonate is associa- 
ted with the cell- 
wall is that known 
as the cystolith 
(Fig. 13). Cysto- 
liths are found only 
in a few plants, 
the epidermal colls 
of plants belonging 
to the Nettle order 13.— Part op Tjiansversk Skciion op the Leap 

i o-tT/\%trtMn 


- CYSTOLITH 

--PALISADE 

PARENCHYMA 


--SPONGY 

PARENCHYMA 


and of the India- of Ficu» chtatka (Inwarubber Plant), showing 
rubber Plant. Dur- a Cystouth. 
ing their develop- 
ment a small c^lulose protuberance arises on the cell-wall in- 
ternally. As the protinberance grows, it becomes impregnated 
with calcium carbonate. When fully developed the cystolith 
forms a pear- or cigar-shaped mass, attached by a short stalk to 
the cell-wall. It has an organic basis of cellulose. 

§ 14. Changes in the Contents. — ^In the young cell, 
as we have seen, the protoplasm, 

f ete., completely fills the cell- 
PLASTIDS cavity. As the cell grows the 
NUCLEUS increase in the amount of proto- 
plasm is not sufficient to keep 
ACUOLE pg^ extension of the 

YTOPLASM ceU-waU. The result is that 

small spaces or cavities, called 
vacnoles (Fig. 14), make their 
^ ^ appearance in the protoplasm. 

ISO Foils They are filled with a watery 

fluid called cell-sap. In the Very 
young cell the relatively small amount of cell-sap simply 
permeates the protoplasmic substance and the cell-wall; 




^VJ'PLASTIDS 

"■NUCLEUS 


^ '-VAdUOLE 
!'®_^cytoplasm 


Fig. 14.— Young Oellb, show* 
iNO Formation or Vacuoles. 
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These small vacuoles gradually increase in size, and 
finally all run together to form one large central vacuole 
(Fig. 15). The protoplasm is now reduced^ to a parietal 
layer, which lines tlie cell-wall in- 
ternally, and a number of delicate 
protoplasmic strands or threads 
which run across the vacuole to the 
middle of the cell. The parietal 
layer forms a sort of bag containing 
the cell-sap. Hence, when first 
seen, it was called the “ primordial 
utricle,” a name which is still in 
use. 

The nucleus in such a cell is em- 
bedded in the little central mass of 
protoplasm formed by the union of the protoplasmic 
strands; but it lies in the primordial utricle when, as 
frequently happens, the protoplasmic strands are absent. 
This condition of the cell is met with in many fully 
developed plant-tissues, e.g. the general succulent tissue 
of plants. 

In young cells the plastids are colourless. They mul- 
tiply by direct division (Fig. 16), and during the growth 
of the cell they may under- 
go many changes as regards 
colour. It is only in the 
older living cells of the 
plant that they attain their 
full functional activity. 

Three kinds |p,re differenti- 
ated. 

In the cells of under- 
ground portions of plants 
(e.fl tubers of Potato), or 
deep-seated tissues {e.g, medullary rays of trees) — ^more 
generally in tissues not exposed to light— they are colour- 
less and called lencoplasts or amyloplacts. They have 
various forms — sjpheroidal, discoidal, rodlike, etc. Their 
special function is the formation of starch from soluble 
carbohydrates (sugar). 



Fig. 16 .— Flastids (niaiiLY magni- 
fied). 

A, Ghloroplasts of a Moss (Funaria), 
sliowing division ; B, Lenooplast 
with developing Staroh-Grain. 


PRIM. UTRICLE 



Pig. 15.— A Typical, 
Living, Fully Developed 
Cell. 
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in parts exposed to light, such as leaves and the super- 
ficial tissues of herbaceous stems, most of the plastids de- 
velop the green colouring matter caUedTchlorophyll, They 
are therefore called chloroplasts, chlorophyll corpuscles, 
or chlorophyll grains. The chlorophyll is apparently dis- 
solved in an oily fluid which permeates the protoplasmic 
substance of the plastid. 

The function of chloroplasts is twofold. Like the leuco- 
plasts they can form starch from soluble carbohydrate, 
but in addition to this, by means of the chlorophyll 
which they contain, they have the power of building up 
carbohydrate substance from water and carbon dioxide 
in the presence of light (see p. 13). In all the higher 
plants they are spherical or spheroidal, often more or less 
flattened. Sometimes the green colour is masked or 
concealed by the presence of other colouring matters 
dissolved in the cell-sap, e.g, leaves of the Copper Beech. 
When exposed to light leucoplasts develop into chloro- 
plasts, while the latter lose their chlorophyll and become 
yellow if withdrawn from light. 

Frequently, however, the plastids in aerial parts contain 
colouring matters other than green. Such are called 
chromoplasta. They are found in the petals of many 
flowers — ^most yellow and many red flowers — ^and in fruits. 
The colours of most blue flowers and many red flowers, on 
the other hand, are due to colouring matters dissolved in 
the cel|-sap. Chromoplasts may be formed directly from 
leucoplasts, but usually from, chloroplasts. Thus the 
young floral leaves may be green, and the colours of 
autumn leaves are due to the presence of chromoplasts 
derived from chloroplasts by the decomposition of the 
chlorophyll towards the approach of winter. 

The colours of chromo^sts are due to the presence of 
colouring matters known as xanthophyll (yellow) and 
carotin (orange-red). Chromoplasts sometimes assume 
crystalline forms owing to the crystallisation of carotin, 
e,g, in the cells of the root of the Carrot. Chloroplasts and 
chromoplasts are called chromatopliores (colour-bearers). 

Many non-living snbstanceB may be produced during 
the metabolism of the cell, and are found either in the 

EOT. 3 
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protoplasm or in the cell-sap. These substances are either 
soluble or insoluble. In the former case they are dissolved 
in the cell-sap; in the latter they appear in solid form, 
usually in the protoplasm. They maybe arranged in three 

groups. First, there are 


INTERCELL P.ROTEID GRAINS 



STARCH GRAINS 


Fig. 17.— Culls with Grains of Starch 
AND Protkid. 


plastic substances 

which are at some time 
or other made use of by 
the protoplasm as food- 
material (see p. 15). 
The most important are 
starch grains, proteid 
grains (Fig. 17), oil or 
fat (these are insoluble), 
various sugars and nitro- 
genous compounds of the 
nature of amides (these 


are soluble). Then there 


are secretions (p. 15). The more important are the 
organic acids, vanous colouring matters, and many fer- 


ments (these are soluble). 

The third group consists of those substances which, 
being of no apparent use to the plant, are called waste- 
products or excretions. The most important are the 
alkaloids. These are nitrogenous substances, many of 
which constitute the active principles of medicinal plants, 
€,g, morphine, atropine, quinine, nicotine, strychnine, 
ca^eine, etc. Amongst the waste products are also in- 
cluded ethereal oils, resins, tannins, and various mineral 


substances. jT 


Some of the more important non-living substances mentioned 
ajt^ove will be considered more fully in § l7. It must be pointed 
out here, however, that there is no clear distinction between these 
three groups of substances. As illustrating this point reference 
may be made to a large group of substances found in plants. They 
are called glucosideB, and may be regarded as compounds of glucose 
or grape-sugar with various nitrogenous and non-nitrogenous sub- 
stances. Of these a^gdalin, found in the Almond, cbniferin in 
Conifers, salicin in Willows, are examples. They are generally 
included amongst the waste-products. When aot^ upon by fer- 
ments, however, they are decomposed^ and glucose, a nutritive 
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substance, is usually one of the products. Thus the fflucosides 
might equally well be regarded as stored plastic com^unds. 

Take another example. We have already referred to the muci- 
laginous modification of cell- walls. But mucilage may also be found 
amongst the cell-contents, and is sometimes poured into special 
tubes or ducts. It is found in manv plants which have to make 
provision for water-storage, e.g. the bulbs of Onion and of various 
Orchids, the leaves of many succulent plants> etc. Since it en- 
ables plants to store up water it may be regarded as a secretion 
product. On the other hand there are certain cases in which 
mucibige must be regarded as a storage form of food-substance, 
as in the seeds of certain Leguminosas. With regard to sub- 
stances usually classified as waste-products our knowledge is 
limited. It may be that many of them play an important part in 
the metabolism of the plant. 

Finally, in connection with the changes taking place in 
the interior of cells, it has to be noticed that the contents, 
protoplasmic or otherwise, disappear altogether from many 
cells towards the close of their development. Evidently 
the tissues consisting of such “ cells ” can only discharge a 
purely mechanical or physical function as vascular or sup- 
porting tissues. Here the cell-walls are of importance, not 
the living substance. The protoplasm ends its work when 
it has sufficiently moulded the walls in accordance with 
the functions they have to carry on, and disappears. The 
occurrence of tissues which have lost their living substance 
and are therefore dead must be carefully noticed. We 
have examples of these in wood-vessels and sclerenchyma 
(Figs. 6, 9). 

§ 15. Cell-Fusion. — Frequently, in the development of 
masses or rows of cells, the cell- walls break down and dis- 
appear. The extent to which this takes place varies con- 
siderably. Sometimes a whole mass of cells disappears 
owing to complete absorption and disappearance of their 
walls, and a large irregular space or cavity is formed. 
This is the origin of most of the large irregular cavities 
met with in phmts, such, for example, as the spaces found 
in the middle of many stems. 

Sometimes more definite passages are formed b^ a 
similar absorption of lonptudinal series of cells. Cavities 
or passages formed in this way, by complete absorption of 
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cells, are said to be developed lysigenously (Fig. 18). On 
the other hand, definite tubes or vessels hounded by 
distinct walls are produced from rows of cells, if the 
absorption affects only those walls which lie between the 
original cells, so tliat their cavities become continuous. If 




Pig. 18.— LvaiOKNOua Cavity 
WITH Drop of Etherical Oil. 


Fig. 19.— LATICIKBROUS VK88KL8 
RUNNING THROUGH TII IN- 
WALLED Parenchyma, 


irregular rows of cells fuse in this way, the vessels formed 
branch and anastomose (i.e. the branches run into each 
other) to form a network, as in the formation of latici- 
ferous vessels (Fig. 19). A straight, tubular vessel is 
formed if cells in a single definite longitudinal series fuse 
together, as in wood- vessels (Fig. 61). 

§ 16. Int|rcelliilar Cavities. — ^Young cells are all 
closely in cc^^ct with each other. There are no spaces 
between them. But, in cells growing in different directions 
and taking on different forms, the cell- walls must be sub^ 
jected to a considerable amount of strain. The cell- walls 
yield to this^by splitting at certain points, so that small 
cavities, called intercelluyir spaces^ appear between the 
cells. In most cases these are small, and, in sections^ are 
seen more especially at the angles of the cells (Figs. 15; 17). 
They are not, however, isohbt^ from each other, but com- 
municate so as to form a continuous system. They are of 
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great importance in the plant, as they serve for the ready 
passage of various gases and vapours, the most important 
of which are oxygen, carbon dioxide, and water vapour. 

Frequently larger cavities or passages are formed by the 
separation of masses of cells from each other, owing to a 
splitting apart of the cell-walls in this way. This is the 
schizogenous method of development of such spaces and 
passages. Most resin-passages, e.g. Ivy, Scots Fir, are 
formed in this way. 

§ 17. Non-living Cell-Contents. — Wc must now give 
a fuller account of some of the more important non-living 
substances foimd in cells, and already mentioned on p. 33. 

(1) The Cell-Sap is a watery fluid, containing many 
substances either in solution or in suspension. The water 
is derived from the soil in the pro- 
cess of root-absorption. It contains 
various inorganic salts, nitrates, sul- 
phates, phosphates, etc., dissolved in 
it. Amides (e.g. asparagiii, € 411 ^ 1 ^ 303 ) 
and sugars are the most important 
plastic substances contained in the 
cell-sap. The chief sugars are 
grape-sugar (C^jHjoOg) and cane- 
sugar (C, 5 H.^Ai)- 

Another carbohydrate sometimes 
found is inulin, a form of starch, 
luuliu is especially abundant in the 
cells of many Compositfle (e.g. roots 
of Sunflower and Dahlia). Though 
dissolved in the cell-sap, it is pre- 
cipitated by alcohol in the form of 
very characteristic crystalline masses, called spliaeritea 
(Fig. 20), marked by a series of concentric and radiating 
lines. 

Colouring matters, organic acids (e.g. malic, citric, tar- 
taric, and oxalic), and ferments are the most important of 
the secretions present. As already mentioned, excreted 
products such as tannin, glucosides, and vaiious alkaloids 
are also present. 



Fig. 20.— Cklls with 
Inulin-Crystals. 
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The cell-sap is to be regarded as a nutritive fluid and 
as a receptacle for waste products. It can diffuse from 
cell to cell, and permeates the substance of protoplasm 
and cell- wall, so that the protoplasm absorbs from it the 
substances necessary for its nourishment. 

(2) Starch is a carbohydrate and an isomer of cellulose, 
i.e. it contains the same chemical elements in the same 

proportions, but has a 
different chemical con- 
stitution, so that its 
properties are differ- 
ent. Its formula may 
be given as n (CgHioOfl). 
It is found in plant- 
cells in the form of 
grains (Pigs. 17, 21), 
most abundantly in 
parts which serve as 
store-places of reserve 
material. 

Earely the grains are 
formed in the general protoplasm of the cell ; in this case 
they are small and devoid of any structure. Their forma- 
tion is nearly always the work of leucoplasts, chloroplasts, 
or chromoplasts. They are developed inside the plastids, 
and chloroplasts are often much distended by them. The 
starch grains present in chloroplasts are small because 
there the storage of starch is temporary. In the case of 
leucoplasts, which are found in more permanent store- 
places, thej^are frequently large, and appear to lie outside 
the plasti^, owing to their formation beginning near the 
margins of the plastid bodies (Pig. 16). 

When the grains are examin^ under the microscope 
they are found to exhibit stratification, a number of layers 
being arranged round a definite point called the hilum. 
Sometimes the layers are arranged quite regularly and 
concentrically (Pig. 21, d) ; but often the arrangement is 
excentric, and the hilum lies near one end (Pig. 21, a). 
Concentric grains are formed in the centre of the plastids ; 
excentric grains to one side of them. The reason, of 



Fig. 21.~-Starch.Grains. 

A, Bzcentric ; D, Concentric B, C, Compound. 
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course, is that, in the former case, the substance of the 
plastid invests the grain equally, and regular starch- 
layers are deposited ; while, in the latter case, the starch- 
layers are thickest on the side next tHe main body of the 
plastid. 

The starch-grain contains water. The stratified appear- 
ance is due to splits appearing in the substance of the 
grain owing to contraction. The regions where splitting 
occurs are rich in water. Starch grains usually also 
contain a gummy substance, amylo;pectint which causes 
the grains to unite when treated with boiling water. 
The grains assume many different forms, but the form 
is characteristic in each particular plant. Those of the 
Potato are oval or ovate and excentric; of the Wheat, 
spherical or lenticular and concentric ; of the Eice, 
polygonal. 

Sometimes a plastid begins to form a number of grains 
at the same time. As these grow they are enclosed in 
common layers and form compound grains (Fig. 21, b, c). 
Spuriously compound grains are produced by separate 
grains simply becoming aggregated together. Starch- 
grains when fully formed may be found floating free in 
the cell-sap. Starch is stained a dark blue, sometimes 
violet, by iodine solution, and is therefore readily detected. 

(3) Froteid Grains (Figs. 17, 22). 
grains of proteid substance formed as 
reserve food-material in connection with 
nutrition. They are fonned from vacu- 
oles, whose contents, rich in albumen, 
harden into grains. They may be found 
in any living cell, but are especially 
large and abundant in the cells of many 
oily seeds. In many cells they are 
extremely minute and form granular 
aggregations. They are spoken of 
generally as aleurone grains. 

If some of the larger forms met with 
in seeds Castor Oil or Brazil Nut) 
be examined, they are found to contain a denser proteid 
body called the proteid crystalloid (Fig. 22), and also. 


These are solid 



Fig. 22 .— Crll with 

I.AROE ALBUBONK 

Grains. 
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to the side of this, a clear mineral body, called the globoid, 
consisting of a double phosphate of calcium and magne- 
sium. Sometimes a number of crystalloids are present in 
an aleurone grain, (the grains, especially the crystalloids, 
are stained yellow or brown by iodine (cf. the nucleolus 
and chromatin fibrils of the nucleus). By taking on stain 
in this way, and also by the fact that it can be made to 
swell up under the action of various reagents, the crystal- 
loid is readily distinguished from a mineral crystal. 

Aleurone grains are insoluble in alcohol, but are more 
or less soluble in water or in a solution of salt. Proteid 
crystalloids are not present in all proteid or aleurone 
grains, and they may occur by themselves, as in the outer 
cells of the potato-tuber, and in the seed of the Brazil Nut. 

(4) Fats and Oils. — Patty oils occur in the form of 
drops or globules in the general protoplasm of cells and 
also in the vacuoles, and are found most commonly in 
seeds, e.g. sweet oil in Olive, linseed oil in Flax. They 
may be considered, chemically, as compounds of glycerine 
and fatty acids. ^1 of them are soluble in ether, but, with 
the exception of castor oil, almost insoluble in alcohol. 
They are non-volatile and are obtained from seeds by 
pressure. Most of them are stained brown by 1 per cent, 
solution of osmic acid. 

(6) Resin appears in various forms in many cells, 
sometimes mixed with other substances such as tannin, 
gum, or mucilage. Frequently the resin is poured into 
special resin-passages. 

(6) Ethereal or Essential Oils occur frequently, as 
excretions (or secretions), in the vegetative parts of plants, 
e.g. in the jjfells of many leaves, and in glandular hairs. 
They belong to various groups of chemical compounds and 
are qiiite distinct from the fatty oils. They differ also 
from the fatty oils in being volatile. Owing to this they 
leave no permanent mark or stain on paper and can be 
prepared by distillation. Like the fatty oils, however, 
they are stained by osmid acid. They may serve a useful 
purpose in plants by warding off insects, and the odours 
of flowers, which attract insects, are due to the presence of 
ethereal oils in the petals. 
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(7) Mineral Crystals. — ^Both the oxalate and the 
carbonate of lime are precipitated in the form of crystals 
or crystalline masses. They may be regarded as excretions 
of superfluous mineral matter. The oxalate is by far the 
commoner. They may occur in the form of small crystals 
(Fig. 23), or in rounded and more or less angular crystal- 



Seci'ion of a Leak (Ke(31on 
OP THE Upper Surface), 
SHOWING a Crystal in one 
OK THE Cells. 



Fig. 24.— Cells with A, Uaphihes; 
B, Sphacraphidks. 


line aggregates called sphceraphides (Fig. 24, b). A 
very characteristic form of calcium oxalate is the elongated 
acicular or needle-like form. Groups of these acicular 
crystals occur in the cells of many Monocotyledons {e.g. 
Arum) and some Dicotyledons {e,g, species of Dock). 
They are called raphides (Fig. 24, a). 

§ 18. Cell-formation. — ^Having described plant-cells, 
their structure, modifications, and contents, we have now 
to consider the origin or formation of new cells, for it is 
evident that wherever growth or reproduction is taking 
place there must be development of new cells. In all cases 
new cells are formed from pre-existing cells. In the vege- 
tative parts of plants they are nearly always produced by 
very characteristic cell-division. Each meristematic cell, 
after reaching a certain size, divides into two daughter-cells, 
which may repeat the process. The division of the cell is 
preceded by the karyokinetic division (p. 24) of the nucleus. 
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Sometimes in vegetative parts, but more frequently in 
connection with reproductive processes, new cells are 
developed by a proqpss known as free oell-formatioiir 
in which also there is karyokinetic nuclear division. In 
the development of reproductive jcells, two other processes 
are met with, in which there is no preceding nuclear 
division — ^namely rejuvenescence and conjugation. We 
shall now briefly consider these methods of cdl-formation. 



Fig. 25.— Stacks in Karyokinksis and Cell-division. 


(1) Ordinary Cell-Division. — Here we have to describe 
the series of changes which take place in the indirect 
division ofiv^the nucleus and constitute karyoldnesis or 
mitosis (ste Fig. 25). First the nucleus becomes larger ; 
then the ohromatin network thickens, opens out into a 
convoluted thread, and finally breaks up into a number of 
curved, U- or V-shaped rods called chromosomes. The 
number of these is constant for each species of plant. 
During these changes the nuclear membrane gradually 
disappears, and a number of fine fibrils or threads are 
formed in the surrounding cytoplasm, giving rise to a 
barrel-shaped structure called the nuclear spindle (A-C). 

The chromosomes pass to the equator of the spindle and 
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attach themselves to its threads with their free ends 
directed outwards. They thus give rise to a star-like 
structure called the nuclear disc (C)* This is the star or 
aster stage in the process. While the nuclear disc is 
being formed each chromosome divides longitudinally into 
two thinner Us or Vs, so that the number of chromosomes 
is doubled. Then the chromosomes begin to move along 
the threads of the nuclear spindle outwards to the poles — 
half of them to one pole, the other half to .the other pole. 
In this movement the apices of the V-shaped chromosomes 
are directed outwards (D, E). It should be remembered 
that the two halves of each original chromosome pass to 
opposite poles. In this way the substance of the original 
nucleus is equally divided. At the end of the movement 
we can recognise two stars ; this is the diaster stage. 

At each pole the chromosomes become aggregated, and 
thus two daughter nuclei are formed (F-H). During the 
process of nuclear division the nucleoli are disorganised; 
nucleoli reappear in the daughter nuclei. In the lower 
plants centrospheres (p. 24) have been observed at the 
poles of the spindle; they appear to act as directive 
centres. 

Towards the close of nuclear division, when the daughter 
cliromosomes are passing outwards to the poles, small 
granules are deposited on the threads of the nuclear 
spindle in the equatorial region. These fuse to form a 
membrane called the cell-plate. During its formation 
the spindle threads increase in number so that the new 
membrane extends laterally until it reaches the walls of 
the parent cell (F, G). The cell-plate then splits into two 
layers, and the new cell-wall which divides the mother cell 
into two daughter cells is laid down between them (H). 
This primary cell- wall, after thickening takes place, per- 
sists as the middle lamella (p. 27), and usually consists, 
not of cellulose: but of some pectic substance (calcium 
pectate). 

Since, in the process of nuclear division, each chromosome 
divides into two, it is evident that the daughter nuclei contain the 
same number of chromosomes as the parent nucleus. This is always 
the case in connection with the formation of vegetative cells. But 
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ail intereRting modification of tlio procesa occurs in the first 
division of tlie mother-cells which give rise to the spores in the 
higher plants The convoluted thread formed from the chromatin 
network when nuclear division is beginning is really double^ owing 
to the union of the chromosomes in pairs. The V-shaped segments 
into which it splits are therefore paired chromosomes, and, in the 
formation of the daughter nuclei, these simply separate from each 
other. 

There is thus no division of the individual chromosomes, and the 
daughter nuclei present in the spores contain only half as many 
chromosomes as the parent nucleus. This is known as the re- 
duction division or the reduction of the chromosomes. All 
the cells derived by division from the spores have this reduced 
number of chromosomes. It is evident, however, that in the 
life-history of the plant there must be a stage at which the 
chromosomes are doubled. This occurs at the time of fertilisation 
(see p. 45). 

(2) Free Cell-Formation. — ^Tliis tjrpe of cell-formation 
differs from the above in that division of the cell does not 
immediately follow mitotic division of the nucleus. By 
repeated mitotic division of the successive daughter nuclei, 
a large number of nuclei are produced lying free in the 
protoplasm of the cell. Towards the close of this process 
the protoplasm begins to aggregate round these nuclei to 
form naked protoplasts (p. 20). Finally, cell- walls are 
formed between them. These new cells are formed inside 
the mother-cell, and the young cell- walls are entirely new 
structures. In ordinary cell-division the dividing plate is 
the only new part of the cell- wall formed. Typical free 
cell-formation is seen in the development of the endospeim 
of seeds. 

Occasionally the rapid division of the nucleus is not 
followed by the actual division of the protoplasm and the 
formation of cell-walls. We simply get a number of nuclei 
lying in the protoplasm, or rather, perhaps, an aggregation 
of ^protoplasts with their nuclei. Such a structure is 
called a coenocyte. We have examples in laticiferous 
‘'beB's.” The coenocyte may seem to be indistinguishable 
from a multi-nucleate cell. As points of difference, it 
should be noted that a cell becomes multinucleate only in 
an old condition, and the division of the nucleus is direct, 
not mitotic. 
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(3) Bejnyenescence and Conjugation. — Many repro- 
ductive bodies, either asexual or of the nature of gametes 
(p. 16), are simply naked protoplasts, either motionless, or 
moving by means of vibratile protrusions of the protoplasm 
called cilia. The cells in which they are developed are 
called mother-cells. In many cases they are produced, 
not by the division of the protoplasmic contents of the 
mother-cells, but by a process of rejuvenescence, in which 
only one is formed in each mother-cell. In the process the 
protoplasm or part of the protoplasm aggregates in the 
middle of the cell, the cell-wall bursts, and the protoplasmic 
unit is set free, forming a new cell (protoplast) which has 
altogether different activities and different properties from 
the cell which produced it. The protoplasm has, as it 
were, taken on a new lease of life. Hence the term reju- 
venescence for this form of cell-formation. It will be noticed 
that there is no nuclear division, and no increase in the 
number of cells. 

A similar process takes places in connection with the 
formation of spores in the higher plants, but in tips case 
cell- walls are formed round the spores before they are set 
free. 

Conjugation is the term applied to the fusion of gametes 
(see p. 16). Not only the protoplasm of the gametes, but 
also their nuclei, fuse together, and the result is a new 
cell (zygote) with altogether different potentialities. It 
will be seen that, in this form of cell-formation, there is a 
fusion of nuclei and a reduction in the number of cells. 
The term conjugation is strictly applied to the fusion of 
similar or undifferentiated gametes, when the zygote is called 
^ sygospore. The term fertilisatiou is given to the pro- 
cess in the higher plants where a male gamete makes its 
way, or is carried, to a distinct female gamete (ovum or 
oosphere), and the zygote is called the oospore. 

B. The Tissues. 

§ 19. A tissue may be defined as an aggregation of 
similar ceUs or elements, united from the first, governed 
by the same laws of growth and development, and having 
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therefore a similar structure adapted to the performance of 
the same function. The significance of the differentiation 
of tissues has already been indicated. The tissues of a 
plant may be arranged in tiro chief groups : — (a) Meriste- 
matic Tissues ; (b) Permanent Tissues. The former 
are the tissues found at growing-points. They consist of 
meristematic cells, i.e. cells which possess the power of 
dividing. In the latter group are included all tissues 
derived from the former by various processes of differen- 
tiation. They consist of cells or elements which have lost 
the meristematic property, and taken on some fixed or 
permanent structure, adapted to the performance of some 
special function. 

§ 20. Meristematic Tissues. — As already indicated 
(p. 24), the regions of meristem become restricted. These 
meristematic regions may be apical (apical meristems), 
as at the apices of stems and roots, where they provide for 
the further growth of these members in length. But 
frequently we find meristematic layers situated between 
masses of permanent tissue (intercalary meristems). 
When an intercalary meristem provides for secondary in- 
crease in thickness of a member (the trunks of trees, for 
example) it is called a cambial layer or cambium. 

. Meristems are also distinguished as primary or second- 
ary. A meristem which has persisted throughout the 
growth of a member (e.g. stem or root), and which there- 
fore was present at the first origin of the member, is a 
primary meristem. So also any meristematic layers which 
have been flirectly derived from it, as is^ jpoHs of some 
cambial layers. A secondary meristem is produced when 
living cells of permanent tissue take on meristematic 
activity. This is the case with most cambial layers. 

The structural characters of meristematic cells (Fig. 4) 
have already been described (p. 21). We may summarise 
the characters of the tissue thus : — ^A meristem is an ac- 
tive growing tissue. Its cells are in an active state of 
division. The cells have all a,pproximately the same form 
and structure. In apical meristems they are usually more 
or less polygonal; -in cambial layers they are usually 
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flattened and more or less elongated. The cell-'w^alls are 
thin and consist of cellulose (with associated pectic com- 
pounds) ; the protoplasm completely •fills the cell-cavity ; 
the nucleus is large and well-defined ; there are no inter- 
cellular spaces. 

§ 21. Permauent Tissues. — Some of these are clearly 
marked ofE from each other ; but others are connected by 
so many transitional or .intermediate forms that it is im- 
possible to classify them sharply. As a matter of fact 
very different classifications have from time to time been 
proposed. The following classification is based partly on 
the forms of the component cells (parenchymatous or pro- 
senchymatous), partly on the characters of their walls or 
contents (cutinised, lignified, etc.). 

§ 22. (1) Thin-walled Parenchyma (see Fig. 60). — 
This is one of the commonest kinds of tissue found in plants. 
It constitutes the greater part of the soft succulent tissue, 
e.gf. the tissue of Alges and Mosses, the cortex and pith of 
stems, the mesophyll of leaves. The cells are parenchyma- 
tous in form. They may be rounded or oval, with numerous 
intercellular spaces (spongy parenchyma. Fig. 13), slightly 
elongated and arranged pei’pendicularly to some surface 
(palisade parenchyma, Fig. 23), elongated and prismatic, 
stellate, etc., etc. The thin cell- walls consist of cellulose. 
Primordial utricle, protoplasmic strands, nucleus, vacuole, 
and cell-sap are usually present. Various substances may 
be formed in the cells, such as starch, proteid grains, oil, 
resin, etc., etc. Small intercellular spaces are nearly always 
present. Sometimes, as in the pith of some trees, the cells 
entirely lose their contents. 

It is a tissue essentially engaged in the processes of 
assimilation and nutrition. The cells contaimng chloro- 
phyll can elaborate organic substances; other cells serve 
for the storage of these substances; and, through it, 
plastic substances in solution in the cell-sap are carried 
by slow diffusion over the whole plant. Although the cell- 
walls are comparatively thin it also exercises a strengthen- 
ing or supporting function by reason of the turgid condition 
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* of the cells. The important part it plays in this respect is 
shown by the drooping of herbaceous plants when deprived 
of water. « 

Occasionally a similar tissue, but consisting of more or 
less prosencliymatous cells, is met with. This may be 
distinguished as thin-walled prosenchyma. There is, 
however, no sharp distinction between parenchyma and 
prosenchyma. 

§ 23. (2) Thick-walled Parenchyma . — In this tissue 
also the cells are parenchymatous and retain their contents, 
but the cell- walls are more or less thickened. The thick- 
ened walls may consist of 
cellulose, as in the tissue 
called collenchyma 
(Fig. 26). In collen- 
cliyma the cellulose thick- 
ening is laid down more 
especially at the angles 
of the cells ; it is a tissue 
found underneath the 
epidermis of many stems 
and leaf-stalks. In other 
forms of thick-walled 
parenchyma the walls 
are not only thickened 
(equally), but also lignified, as in many of the thick- 
walled elongated parenchymatous cells of the wood (wood- 
par eiich3rma). 

The cells df collenchyma contain chloroplasts ; the wood- 
cells usually contain storage products. But in addition 
to nutritive or assimilatory functions, this tissue has a 
niechanical function, giving strength to the parts in which 
it occurs. CoUenchyma is usually found in members which 
are still growing. 

Occasionally thick-waUed pro8eiich3rma is met with. 
The cells may be unlignified {e,g, some bast-fibres), or 
lignified. The protoplasmic contents are always small in 
amount. The cells may be spoken of as fibrous cells, or, if 
lignified, fibrous sclerotic cells. 



Pig. 26.— Epidermis and Collenchyma 
OF Stem of Sunfia>wkr. 
(Transrerse section.) 
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§24. (3) Solerenchyma (Figs. 6, 9). — Amongst the 
thin- and thick-walled tissues just described there are 
many transitional forais. Similarly the thick-walled 
lignified forms lead up gradually to the tissue called 
sclerenchyma. In this tissue the contents have been 
completely lost, and the walls of the elements are thick- 
ened and lignihed. Its function in the plant is purely 
mechanical. It is the chief strengthening tissue found in 
plants, and its distribution in stems, leaves, and roots is 
largely determined by the strains to 
which these members are subjected. 

Frequently the thickening of the 
walls is so great that the cavities are 
almost obliterated (Fig. 9). 

Sclerenchyma usually and typically 
consists of prosenchymatous elements 
(fibrous sclerenohyma) . These ele- 
ments are often referred to as sclo- 
reucbymatous fibres. This form 
of sclerenchyma is typically developed 
in bands or bundles (stereid bun- 
dles). The hard bast of most fibro- 
vascular bundles is a good example 
of this (see Fig. 61). Occasionally, however, sclerenchyma 
consists of rounded or sHghtly elongated parenchymatous 
elements. Such sclerotic cells (Fig. 27), as they are 
called, are found in some fruits {e,g, the “ stone cells ” of 
the Pear), and in the cortex and secondary phloem of some 
woody stems, e.g, the Oak. 

The sclerenchymatouB elements as a rule have simple pits 
on their walls. If the wall becomes very strongly thick- 
ened, these pits are converted into elongated, often branch- 
ing, canals (Fig. 27, b). Practically it is convenient to re- 
gard all thickened forms of prosenchyma as sclerenchyma. 

§ 25. (4) Cutiuised or Suberised Tissue. — In this 
tissue the cell-walls are cutinised or suberised (p. 29), 
partially or completely. It is met with in various parts 
of plants. The cells are parenchymatous in form, usually 
either flattened and tabular or more or les 9 brick-shaped. 

BOT. 4 
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The best examples of this kind of tissue are seen in the 
epidermis of stems and leaves, in cork, and in the 
endodermis or bundle-sheath of roots. 

In the epidermis, only the outermost layers of the 
external walls are cutinised, forming the cuticle (p. 29 
and Fig. 26). Cork consists of more or less brick- shaped 
cells without intercellular spaces. Frequently the walls 
are comparatively thin, but examples of thick-walled cork 
cells are abundant. The walls may be suberised through- 
out, and the older cork cells lose their contents. Endo- 
dermal cells may be thin, or, as frequently happens, 
certain of them are more or less thickened. 

The function of the tissue is protective — ^more especially 
to prevent evaporation or diffusion of watery fluids. 

§ 26. (5) Tracheal Tissue. — This is the essential 
tissue of the xylem or wood. In it we recognise two kinds 
of elements: — (a) Wood-vessels (vasa or trachese. Fig. 
61) ; (h) tracheides (Fig. 11, a). In both of these the 
walls are thickened and lignified, and the protoplasmic 
contents have disappeared. In both, annular, spiral, 
pitted, or scalariform patterns may be developed on the 
walls. The tracheide, however, is a prosenchymatous 
element developed from a single cell ; whereas the vessel is 
a long, tubular structure derived by cell-fusion from a 
longitudinal row of cells. 

In the Angiosperms the vessels are the characteristic 
structures of the wood, although tracheides also are found, 
especially in the secondary wood of Dicotyledons. Wood 
vessels vary in length from a few inches to a yard, or in 
some cases more. In Gymnospenns and Vascular Crypto- 
gams there are, with rare exceptions, tracheides only. 
Tracheal tissue is usually found in bundles. 

Owing to the thickening and ligniffcation of the walls 
this tissue perforins a mechanical or supporting function, 
but it is specially adapted to discharge a vascular function. 
It is essentially a vascular ^ssue. It serves for the rapid 
transport of watery solutions from the root, where they 
are absorbed, to the leaves and other organs, where they 
are elaborated. 
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A typical sclereQcliymatous fibre is distinguished from 
a typical traclieide in that, having only a strengthening 
function, it is more completely thickened, and shows no 
large or definite pattern, like the tracheide. Transitional 
forms, however, are of common occurrence. 

§ 27. (6) Sieve-tube Tissue (Figs. 28, 29). — This is 
the essential tissue of the phloem or hast (soft bast) of 
vascular bun- 
dles. Sieve- 
tubes are typi- 
cally developed 
in the Angio- 
sperms. In this 
group they are 
long, slender 
structures com- 
posed of elonga- 
ted cells placed 
end on end. The 
walls are thin 
and consist of 
cellulose. The 
end - walls are 
specially thick- 
ened and modi- 
fied to form sieve-plates, the structures characteristic 
of sieve-tubes. In the tliickening of these end-walls 
small areas remain thin, forming pits. The thin mem- 
branes closing these pits are ultimately absorbed (p. 36), 
so that the end- wall is actually perforated in a sieve-like 
manner, and the contiguous cells are placed in communi- 
cation. 

tJsually the whole of the end-wall is perforated in this 
way to form a simple sieve-plate (Fig. &). Frequently, 
however, when the end- wall is not horizontal, but obliquely 
inclined, we can recognise on it a number of areas per- 
forated in this way, the whole structure forming a com- 
pound plate (Fig. 29). Less frequently in Angiosperms 
the sieve-plates are formed on the lateral walls. 



“"COMPANION 
\ CELLS 
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Fig. 28.— SiKVK'TUBK TiaSUK. 

A, Longitudinal nectiun of a sieve-tube tlirougli a simple 
sieve-plate; B, Traiisvei'sc seution showing the sieve- 
plate in surface view. 
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Inside the sieve>tubes there is a lining layer of proto- 
plasm, but no nuclei. The protoplasm is continuous 
through the pores of«fhe sieve-plate, and at the sieve-plate 
it is frequently converted into a peculiar substance called 
caUns. Callus is abundantly developed in the autumn, 

sometimes to such an 
extent that the pores 
of the sieve-plate are 
completely stopped up 
{e.g. in the Vine) . The 
contents of the sieve- 
tubes (in addition to 
the protoplasm) are 
albuminous. This al- 
buminous substance is 
found more especially 
aggregated in the 
region of the sieve- 
plates ; it contains 
small starch grains, 
and, owing to the 
presence of these, is 
stained slightly violet 
or purple by iodine. 
Along with the sieve-tubes in Angiosperms are thin- 
walled elongated oompanion cellSi so called because they 
are closely associated with the sieve-tubes, from which they 
are cut off during development. 

Structures similar to the sieve-tubes of Angiosperms, 
consisting of elongated prismatic cells, are found in 
G-ynmosperms and Vascular Cryptogams. Their sieve- 

E lates are, however, most abundantly developed on the 
iteral walls and the perforations are small. They contain 
no starch. It should be noticed also that sieve-tubes, or 
structures closely resembling sieve-tubes, are found in 
some of the larger Algse where there is a rudimentary 
development of vascular or conducting tissue. 

Sieve-tube tissue discharges a vascular function. It 
serves for the rapid transport of elaborated food-material 
to the various parts of the plant. 



Fig. 29. — SiEVE-TUUK Tissue— Compound 
Sieve-Plates. 

Ay Longitudinal section ; B, Oblique compound 

S late in sniface view ; C, in section, a = 
lickened poiiions of the wall between the 
sieve-plates. 
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§ 28. (7) Laticiferous Tissue (Milk-Tabes). — ^This 
is a tissue found only in certain groups of plants. It 
consists of long, branching tubes, co&taining a character- 
istic substance, often milky in appearance, and called 

latex. 

Two kinds of laticiferous tissue are recognised. The 
first kind consists of vessels formed by cell-fusion. 
Owing to the fact that the fusion takes place, not in 
definite longitudinal rows of cells, as is the case in wood- 
vessels, but in irregular series, the vessels not only are 
branched, but anastomose 


(i.e. tlie branches run into 
each other) to form a net- 
work (Fig. 19). The second 
kind consists of cosnocytes 
(p. 44). In the embryo of a 
plant which possesses these, 
certain peculiar cells can be 
recognised. In development 
these cells'* elongate and 
branch, but transverse septa 
are not formed in them. 
There is, however, repeated 
karyokinetic division of the 
nucleus, so that these struc- 
tures are not elongated 
branched cells, but coeno- 
cytes. Seeing that there is 
no cell-fusion, it is evident 
that the branches of these 



Fig. 80.— Laticiferous “Cells” 
(C<ENOCYTE8) OF EUPHORBIA, 
RUNNING THROUGH THIN-WALLEO 

Parencutma. 


coenocytes do not anastomose (Pig. 30), 

In both vessels and coenocytes the walls are somewhat 
thickened, but consist of cellulose; there is in both a 
lining layer of protoplasm with nuclei. Laticiferous 
vessels are found in many Compositfle (e,g. Dandelion), 
Papaveraceee (e.g. Poppy), and Campanulacese (e.g. Hare- 
bell). Laticiferous coenocytes are found very typically in 
the Spurges (Euphorbia). 

The contained substance, the latex/ presents different 
appearances in different plmts. It is rarely quite watery 
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(Banana) ; usually it is more or less milky (^Euphorbia), 
occasionally thick and coloured (in Ghelidonium majus, the 
G-reater Celandine, a'*plant allied to the Poppy, it has an 
orange colour). It consists of water containing various 
substances, either in solution or in suspension. These 
substances are usually of the nature of excreted products, 
so that the tubes are often to be regarded simply as 
reservoirs of excreted matter. Of such substances opium, 
guttapercha, caoutchouc, tannins, resins, and gums are 
examples. 

Frequently, however, the tubes contain nutritive sub- 
stances as well. These may \ye nitrogenous or non- 
nitrogenous. The latex of Eu'phorbiat for example, 
contains elongated, rod- shaped or dumbbell-shaped starch- 
grains. To some extent, therefore, laticiferous tissue may 
discharge a vascular function, serving for the storage and 
transport of nutritive substances. 

The latex, in many cases, is poisonous, and in contact 
with the skin causes irritating sores, so that it no doubt 
often serves for protection by warding off the attacks of 
enemies. 

§ 29. (8) Glandular Tissue. — This tissue consists of 
structures of various kinds in which secreted or excreted 
substances are produced. Many of these have been spoken 
of as “ secretion reservoirs.” Although laticiferous tissue 
has been treated by itself, it is not clearly marked off from 
this glandular form of tissue. The substances produced 
are of very varied character, such as gum, mucilage, resin, 
tannin, ethereal oil (Fig. 18), mineral crystals (Figs. 23, 24), 
water, etc. 

Single cells sacs ”) containing sucb substances are 
frequently found scattered here and there through the 
tissue of plants — e.g, tannin or resin cells, cells containing 
raphides, etc. These are examples of idioblasts, i.e. iso- 
lated cells, which differ from the surrounding cells either 
in structure or in contents. 

Cells active in tlie secretion or excretion of water consti- 
tute organs which have been called hydathodes. The water, 
which is poured out on the surface, often contains mineral 
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substances, such as carbonate of lime, in solution, e.g, in 
Saxifrages. The hydathode may consist of a group of 
epidermal or sub-epidermal cells, or it, may take the form 
of epidermal hairs. 

Closely allied to hydathodes are the multicellular glands 
forming the nectaries of flowers, the digestive glands 
of insectivorous plants, and the extrafloral nectaries which 
are found on the leaves and other members of various 
plants, e.g, on the leaf of the Cherry. A nectary con- 
sists of a group of epidermal and sub-epidermal cells ; 
tlie sugary secretion is poured out on the surface and 
serves to attract insects to the flower. The function of 
eztrafloral nectaries is not understood. By some it is 
believed that they attract small insects and so keep them 
away from the flowers ; by others, that they supply food 
to various insects which are of use to the plant in that 
they athick and destroy others which are injurious. 

Glandular hairs and other glandular epidermal struc- 
tures must also be noticed here (epidermal glands). The 
hairs may be unicellular or multicellular. The secretion 
may bo formed in any of the cells of a multicellular hair, 
but is usually found in the termi- 
nal cell, which is frequently more 
or less dilated or globular. The 
mucilage or resin produced in 
many winter buds (e.gf. the Horse 
Chestnut) is formed by hairs of 
this kind. 

Finally, the “secretion-reser- 
voirs ” may be of the nature of 
cavities or passages formed either 
lysigenously or schizogenously 
(pp. 36, 37). Lysigenous cavities, containing various kinds 
of ethereal oils, are frequently found in leaves (Fig. 18) 
and also in many fruits {e,g, orange and lemon). Most 
resin-passages (Fig. 31) are examples of such structures 
formed schizogenously. The resin-passage is usually sur- 
rounded by a layer of small thin- walled parenchymatous 
cells — the epithelial layer — by which the substancQ 
poured into the passage is formed, 



Fig. 31.— 'Resin-Passaoe, 
(TraDSYOiEe section.) 
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d Tissue-Systems. 

§ 30. In plant-members the various forms of permanent 
tissue which we have just described are aggregated in 
various ways to form higher unities called tissne-Bystems. 
In all the higher plants there are three systems which, 
from their constant appearance in roots, stems, and 
leaves, stand out clearly and constitute systems of the 
first rank. These are (a) the epidermal system, 
(h) the vascular system, (c) the system of the ground- 
er fundamental tissue. It will be advisable to give 
a short general account of these before going on to con- 
sider the various arrangements met with in different 
types. 

§ 81. The Epidermis — general characters (Figs. 32, 
33). — ^The epidermal system, or epidermis, is the outer- 
most protective layer or membrane of stems, roots, and 
leaves. In many cases, as will afterwards be explained, a 
true epidermis is wanting altogether, its function being 
often taken on by the outermost layer of ground-tissue. 
As aerial stems and leaves are the members most exposed 
to adverse external influences, it is on these that we 
naturally find the highest development of the epidermal 
system. 

Typically an epidermis consists of cutinised tissue 
(p. 49), forming a single layer of cells. Sometimes it 
consists of several layers. This is the case at the apex 
of most roots where the many-layered epidermis forms a 
protective structure called the root-cap (Fig. 77). An 
epidermis of several layers is also found in a few stems 
and leaves. For example, in the leaf of the Indiarubber 
Plant (Fig. 13) it consists of three layers of small cells, 
with here and there a larger cell containing a cystolith, 
and serves, apparently, as a tissue for the storage of water. 
In the epidermis of aerial parts we find ordinary epi~ 
dermal cdU, stomatal or guard-celUf and various epi^rmal 
putgrowthsr 
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§ 32. The ordinary epidermal cells of a typical one- 
layered epidermis are always more or less flattened or 
tabular. Their outline, when seen in«surface view, is very 
various. As a general rule, however, in long members they 
are considerably elongated in the direction of the length 
of the member, e.g, stems and many monocotyledonous 
leaves (Fig. 32, a) ; while, in members as broad or nearly 



Epidenuifi of (A) Monoootyle<lonou8 leaf (Iris); B, Dicotyledonous leiif. (C) Stoma 
of Iris (a small outer cavity to the stoma is indicated by the dotted line). 


as broad as long, they are not elongated, but have an 
extremely wavy outline, e.g, most dicotyledonous leaves 
(Fig. 32, b). 

As already indicated (p. 29), the outer layers of the ex- 
ternal walls are cutinised to form the protective cuticle, 
which serves to prevent undue evaporation from the tissues 
and ward off the attacks of insects and Fungi. Fre- 
quently also the cuticle is covered with a thin layer of wax 
(“ bloom”), which prevents the surface being wetted and 
retards the giving off of water vapour. The cuticle and 
waxy bloom are most strongly developed in plants which 
live in bright sunlight (sun-plants), or in dry places, or 
which have for various other reasons to economise their 
water supply and guard against the risk of desiccation. 
In shade- and moisture-loving plants the cuticle is poorly 
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developed and it is absent from roots and the submerged 
parts of aquatic plants. 

In most Flowering Plants, the ordinary epidermal cells, 
although they usually have protoplasmic contents, contain 
no chloroplasts. The meaning of this is apparent if we 
remember that chlorophyll is decomposed by exposure to 

bright sunlight. In 


ME3PPHYLL injERCELL CAVITY 



aquatic plants, how- 
ever, and in many 
shade-loving plants, 
including Ferns and 
other Vascular 
Cryptogams, chloro- 
plasts are present in 
these cells. 

§ 38. Guard-Cells 
and Stomata.'*-The 

stomatal or guard- 
cells are so called 
because they sur- 
round or guard the 
openings, known as 
sternal^ (Figs. 32, 
33), numerously de- 
veloped in the epi- 
dermis of aerial 
parts. These sto- 
mata communicate 
with the system of 


B'ig. 33 .— Epidkrmis and Stomata. intercellular spaces 


A, Section ; B, Surface view. 


in the underlying 


ground-tissue, and 


serve, as we shall see later, as a means of gaseous inter- 
change between the plant and the atmosphere. 

TJsually each stoma is surrounded by two guard-cells — 
one on each side. Tlie guard-cells are crescentic in form. 
They always contain protoplasm, nucleus, and numerous 
chloroplasts. Their walls are thickened ; the thinnest in 
each guard-cell is that which is farthest from the pore. 



GENERAL HISTOLOGY. 


69 


The guard-cells can alter their form, and thus increase or 
diminish the size of the opening. In this way they have 
an important part to play in regulating the amount of 
water- vapour passing out of the plant in the process of 
transpiration. Sometimes other small cells {subsidiary 
cells of the stoma) lie outside the guard-cells. 

In tho development of a stoma, a small cell, the mother-cell of 
the stoma, is cut off from a young epidermal cell. A cell-wall then 
divides tho mother-cell into the two guard-cells. The opening or 
stoma is formed by the sijlitting of the common wall between the 
guard-cells. Subsidiary cells, when present, arc formed by the 
division of the surrounding epidermal cells. 

§ 34. Position of Stomata. — Stomata may be developed 
on all aerial leaf and stem structures — even on the ovary 
and anthers of the flower. Tliey occur on tlie spore- 
capsules of many Bryophyta, but witli tliis exception 
they are confined to the Vascular Cryptogams and 
Flowering Plants. They are not developed on roots or 
aquatic members. On green foliage leaves, where they are 
most numerously developed, their number and position 
depend largely on the position and direction of the leaf, 
and on the conditions with regard to transpiration. In 
bifacial leaves (p. 11) they are usually most abundant on 
the lower surface, sometimes confined to it, as in British 
evergreens, which have to guard against excessive tran- 
spiration. On floating leaves, e.g. leaves of the Water 
Lily, they are found on the upper sui-face. In some 
bifacial leaves, but more especially on vertical leaves 
(isobilateral leaves, e.g, the Iris), they are about equally 
distributed on both surfaces. 

§ 35. Epidermal Outgrowths. — Frequently there are 
outgrowths of the ordinaiy epidermal cells. These are of 
the nature of hairs or trichomes (Fig. 34). They are 
of varied character — sometimes unicellular, sometimes 
multicellular. They may end in a sharp point {spilce- 
hairs), or in a rounded knob {capitate hairs). They may 
be membranous and attached by their surface to the 
epidermis {scale-hairs). Elongated membranous hairs 
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attached by one end are called ramenta. The hairs may 
be branched. In many cases they are glandular, 

• Their function is chiefly protec- 
tive. Thus a thick covering of hair 
is developed on many plants grow- 
ing in dry situations, and diminishes 
transpiration. Glandular hairs pro- 
tect plants against the attacks of 
insects. The stinging hairs found 
in the Nettle and other plants dis- 
charge a protective function in a 
more aggressive way. Root-hairs 
are absorbing organs ; they are al- 
ways unicellular. 

The stinging hair of the Nettle (Fig. 
34a) has a siliceous point which is readily 
broken off. When a nettle is touched by 
the hand, the point breaks and a little 
wound is made in the skin, into which 
the acid sap is forced by the sudden con- 
traction of the base of the hair. 

Emergences. — Stronger ^ outgrowths 
are often found on the surface of the 
plant. They differ from trichomes in 
containing a core of ^ound-tissue (occa- 
sionally also vascular tissue) and not being 
outgrowths of the epidermis alone. Such 
outgrowths are called emergences. Fre- 
quently they are of the nature of prick- 
les, as e,g, in the Rose (Fig. 88). Other examples are found in the 
Tnembranmia outgrowths, called ligules, of many leaves, e,g, the 
leaves of Grasses (Fig. 86, e), the petals of the Pink (Fig. 122, b). 



Fig. 34.— Urtica Dioica 
(Nettle). 

if Stinging liair; b, Multi- 
cellular glandular hair ; 
o, Ordinary unicellular 
jMjinted hair. (Highly 
magnified.) 


§ 36. Water»jPores or Water-Stomata. •— Other openings, 
dlosely resembling stomata in appearance, but differing from them 
in important respects, are frequently found on leaves, e,g, in 
Fuchsia and Garden Nasturtium. They are called ivater-pores or 
water-stomeUa, because, instead of giving out water-vapour, they 
'excrete drops of water. They are on the averajge larger than 
stomata, and their guard -cells, having lost their protoplasmic 
contents, have no power of altering their shape. They are usually 
developed in groups on the upper surfaces of leaves, frequently on 
leaf-teeth or leaf -apices. These groups are often found over the 
fine terminations of the veins of the leaf, f.e. the terminations of the 
vascular system, and are associated with a peculiar glandular tissue 
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(epithem timie) which is found at the ends of the veins. This 
glandular tissue is a form of hydathode (p. 54). The water which 
is excreted sometimes contains calcium carbonate, as in Saxifrages. 
In this case the glands have been called chalk-ylanda, 

§ 37. The Vascular System. — This is the system of 
tissue which serves for the rapid transference of nutritive 
fluids in the plant. Typical vascular tissue is found only 
in the Vascular Cryptogams and Flowering Plants (p. 20). 
It is a continuous system in stem^ leaf, and root. Usually it 
consists of a varying number of strands or bundles — 
vascular bundles — running longitudinally through stem 
and root, and passing out into the leaves at all levels. 
These bundles consist of parts (made up of various tissues) 
called phloem or bast and zylem or wood. In stems and 
roots showing secondary increase in thickness owing to the 
activity of a cambium (p. 46), as in trees, this primary 
arrangement in bundles is modified, and stout cylinders of 
phloem and xylem are produced. At present, however, 
we shall confine ourselves to the general characters of a 
vascular bundle. 

§ 38. The Vascular Bundle {e.g. Figs. 60, 61, 70, 79). — 
Vascular bundles may consist of xylem only, or of phloem 
only, as in roots ; or, as in stems and leaves, of both xylem 
and phloem. In the latter case they are called conjoint 
buncos. The xylem essentially contains tracheal tissue 
(p. 60). Associated with this, however, there are paren- 
chymatous cells (either thin-walled or thickened and 
lignified — p. 48) called wood-parenchyma, and frequently 
also sclerenchymatous fibres, called wood-fibres. The 
phloem essentially contains sieve-tubes (p. 51), but asso- 
ciated with it is a certain amount of thin-walled paren-’ 
chyma — consisting, in Angiosperms, of companion cells 
(p. 52), and usually, also, of other cells known sls phloem- 
parenchyma. 

Attached to the outer side of the phloem in many 
bundles there is a bundle of fibrous sclerenchyma. This, 
which is a strengthening tissue, really belongs to the 
ground-tissue, although it is call^ the hard bast. The 
phloem tissue is distinguished from this as the soft bast 
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When a bundle contains a marked amount of sclerenchy- 
matous tissue, or has a stereid bundle (p. 49) associated 
with it, it is called, a fibro-vascnlar bundle. 

At the apex of stem or root the bundles pass into the 
meristematic tissue, from which they are differentiated. 
In the leaves they spread out and form the veins ; the 
veins end in various ways. 

§ 39. The Ground-tissue System includes all tissues 
not belonging to the epidermal or vascular systems. It is 
evident, therefore, that it consists of many different kinds 
of tissue, and has many functions to discharge. The most 
abundant tissue is thin- walled parenchyma ; but associated 
with this are the other tissues in varying amount — scleren- 
chyma, collenchyma, laticiferous tissue, and glandular 
tissue. Very frequently this system is marked out into 
distinct regions, such as the pith, the cortex, the medullary 
rays, the hypodermis, the endodermis or bundle-sheath, 
the pericycle. All these will be described in due course. 



PART II -THE ANGIOSPERM. 


CHAPTER HI. 

SEED AND EMBETO. 

§ 1. Before proceeding to a detailed consideration of the 
form and structure of the various members of the adult 
plant, it wiU be advisable to examine their earliest forms 
as found in the embryo. This is readily done by studying 
the structure and germination of a few seeds. The study 
is essentially a practical one and must be carried out by the 
student himself. The 
following descriptions 
and figures, therefore, 
are merely intended to 
help and direct him in 
his work. 

§ 2. The Sunflower 
Seed (Fig. 35). — The so- 
called Sunflower seeds, 
obtainable of any seeds- 
man, are really fruits, 
each containing one true 
seed. They were at- 
tached to the parent 
plant by the pointed 

end. Before examination they should be soaked in water 
for some time. The wall of the fruit is called the peri- 
carp. It is dry and thick, and can readily be removed 
by means of a penknife or scalpel. The seed which lies 
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Fig. SO.-PauiT AND Seed of Sunflower. 
A, Longitudinal section of fniit; 13, Em- 
bryo with one cotyledon i-cmoved. 
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inside is invested by a thin yellowish or brownish mem- 
brane, constituting the seed-coat and called the testa. 
The removal of this discloses a rather fleshy embryo plant, 
pointed at one end.*^ The pointed end is caued the radicle. 
The greater part of the embryo above the radicle can 
readily be split into two lobes. These are called the 
cotyledons, and are thick and fleshy because of the large 
amount of stored food-material which they contain. 

If a thin section of a cotyledon be examined under the 
microscope, the embryonic cells can readily be made out. 
They are filled with large numbers of rounded grains, 
which are stained brown or yellow by iodine, and are there- 
fore recognised as proteid or aleurone grains. A large 
amount of oil also is present which can be recognised, in 
sections mounted in water, in the form of bright, refractive 
globules. If the cotyledons be gently separated there will 
be found towards the base, and lying between them, a 
small pointed structure known as the plumule. The 
various parts of the embryo can also be examined in a 
longitudinal section (Fig. 77). 

Germination. — ^If the fruit be placed in the soil, under 
proper conditions, the seed begins to germinate (Fig. 36). 
Under the term germination are included all changes that 
take place from the time the dry seed is placed in proper 
conditions until it establishes itself. The young plant in 
thO dry seed is alive but dormant, and the germination of 
the seed is simply the awakening of the young plant to 
active life and growth. 

The process can readily be studied in the Sunflower if 
the fruit be placed for some days in moist sand or sawdust. 
The conditions necessary for germination are moisture, 
access of air, and heat. Water is absorbed and causes the 
embryo to swell and burst open the pericarp. A certain 
degree of heat is necessary to start and continue the 
process of growth. Air is necessary for respiration, which 
is active in germinating seeds. . 

The embryo grows and develops into a seedling plant. 
This growth takes place at the expense of the food-material 
(oil and proteid grains) stored up in the cotyledons. 
Tliese insoluble food-substances are rendered soluble by 
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means of ferments (p. 34) ; they are, in fact, converted 
into soluble compounds by a process of digestion. The 
soluble compounds diffuse to the groyring apices of the 
plumule and radicle, and are made use of as food-material 
by the protoplasm. 

During these changes 
the pericarp and testa 
are split open at the 
pointed end. The tip 
of the radicle first elon- 
gates and makes its way 
out of the fruit (Fig. 

36, a). It grows down- 
wards into the soil, and 
forms the root. The 
part of the i*adicle im- 
mediately beneath the 
cotyledons, known as the hypocotyl, also elongates, and 
grows upwards, carrying with it the cotyledons, which 
increase in size, turn green in the sunlight, and are then 
readily recognisable as leaves of very simple form. The 
plumule, which is at first concealed between the cotyledons, 
eventually develops into the stem and leaves of the Sun- 
flower plant. 

When it first appears at the surface of the soil the 
hypocotyl has the form of a loop or arch (Fig. 36, b). 
The advantage of this in overcoming the resistance of the 
overlying soil, and in preserving the plumule and cotyle- 
dons from injury, is obvious. The empty fruit-coat may be 
left behind in the soil, but is usually carried above groimd 
on the tips of the cotyledons (Fig. 36, d). The hypocotyl is 
the portion of the axis which, ^ter germination, lies be- 
tween the cotyledons and the surface of the soil. As we 
shall see later, it is intermediate in structure between stem 
and root. 

From the above it is evident that the plumule must be 
regarded as the embryonic shoot, the cotyledons as the 
embryonic leaves, and the radicle as the embryonic root 
(and hypocotyl). In the Sunflower, as in most seeds, the 
plumule is an extremely small conical structure, showing 
BOT, 5 
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no trace of young leaves. In some plants, however, it is 
large (e.g, the Almond), and bears little outgrowths which 
are easily recognised as tiny undeveloped leaves. The axis 
of a plumule is called the epicotyledonary portion of the 
axis, or simply the epicotyl. Together with the radicle it 
constitutes the axis of the embryo, just as stem and root 
constitute the axis of a full-grown plant. 

In the Sunflower there are two cotyledons. This is 
characteristic of the Dicotyledons, the group of Angiosperms 
to which the Sunflower belongs. When the cotyledons 
come above ground and form the first green foliage leaves 
of the plant, they are said to be epigeal. This is the case 
in most dicotyledonous flowering plants. 



§ 8. Seed of the Broad Bean (Fig. 37). — This is a 
true seed, the pod of the Bean being the fruit. The seed, 
as before, should be soaked first in water, so that the testa 
or seed-coat may be easily removed. On the testa at one 
end of the seed there is an elongated scar of a dark colour, 
the hilnm. This is the point where the seed has broken 
away from its stalk. On gently pressing the soaked seed, 
a drop of moisture will be seen to exude from a minute 
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aperture — ^the micropyle — situated at one end of the 
hilum. Hilum and micropyle are present, but not easily 
recognisable in the Sunflower. • 

Inside the seed-coat there is a large embryo plant. This 
consists, as in the Sunflower, of a radicle, a plumule, and 
two cotyledons. The radicle, which is seen to one side, 
lying in a little pocket formed by the seed-coat, is short 
and blunt. Its tip lies close to the micropyle. The coty- 
ledons here are much more massive than in the Sunflower, 
because of the larger amount of food-material stored up in 
them. The food-material consists of starch and proteid 
grains. The plnmnle, as in the Sunflower, lies between 
the cotyledons. It is, however, larger, and shows the 
rudiments of young leaves. 

A striking difference l)etween the Bean and Sunflower is 
found in the behaviour of the cotyledons at germination. 
In the Bean the hypocotyl remains short, and the coty- 
ledons do not come above ground, but remain inside the 
seed-coat, and simply supply food-material to the young 
plant. Such cotyledons are said to be ]i3rpogeal. This is 
the case in a number of plants where the cotyledons are 
massive. The plumule escapes from the seed-coat owing 
to the elongation of the stalks of the cotyledons. The 
arched form of the epicotyledonary portion of the axis 
should be compared with that of the hypocotyl in the Sun- 
flower. 

The French or Kidney Bean (Fhaseolua vulgaris) and 
the Scarlet Eunner (Phaseolus multijlorus) are closely 
allied to the Broad Bean (Vida faha). It is interesting 
to notice that, while in the Scarlet Eunner the cotyledons 
are hypogeal, as in the Broad Bean, in the French Bean 
they are epigeal. The seed of the Pea should also be com- 
pared with that of the Bean. 

§ 4. Castor Oil Seed (Fig. 38). — Seeds of the Castor 
Oil Plant (Eidnus communis) should be obtained from a 
seedsman. The hard shell of the seed is the testa or seed- 
coat. At one end of it there is a little mass, which swells 
up in water. This is called the aril ; it is an outgrowth 
on the seed-coat. 
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On cutting a longitudinal section of the white body 
which is obtained on removing the testa, it is found that it 

contains an embryo consist- 
ing of plumule, radicle, and 
two cotyledons. The radicle 
is distinctly marked, and lies 
towards the end where the aril 
is. The plumule is small, 
and is found, as in the Sun- 
flower, between the cotyle- 
dons. The cotyledons are 
thin and membranous, and 
are completely surrounded 
by a white substance, which 
forms the greater part of the 
contents of the seed. The 
latter is a tissue containing a store of food-material, and 
is known as the albnmexL^ or endosperm. If the endo- 
sperm tissue be pressed against a sheet of paper a greasy 
mark is produced, which indicates the presence of oil. 
The oil can be recognised in the form of globules if 
sections of the endosperm be mounted in water. The cells 
of the endosperm also contain large aleurone grains. 

Thus in the seed of the Castor Oil the food-material is 
.contained in a special tissue in which the embryo is 
embedded. Seeds of this kind are called albuminous or 
endospermic. In the Sunflower and Bean food-substance 
is also stored up, but it is in the cotyledons, and not in a 
special layer of endosperm tissue. Such seeds are enal- 
bnminoiB or non-endospermic. . 

In thd process of germination the cotyledons of the 
Castor Oil remain for some time inside the seed. They 
absorb the food-material in the endosperm and increase in 
size. Owing to the elongation of the hypocotyl the seed is 
carried above ground and the cotyledons form the first 
green leaves. As in the Sunflower the hypocotyl is bent 
or arched when it reaches the surface of the soil. 

* The term albumen here must not be regarded as indicating any 
definite chemical compounds It came to be applied in this connection 
by analogy with the albuminous white substimoe in a hen’s egg. 
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Pig. 88 . — *Skkd (ii* Castou Oil. 

A, Longitudinal section ; il, Traiia* 
vcnse. The dark outline is the testa. 
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§ 5. Maise.t — ^The so<called Maize seed is really a fruit 
containing a seed. Pericarp and testa are both thin, and 
fused together to form a single membrane. The grains 
of the “ White Horsetooth ” variety are larger and more 
regular in shape than those of the ordinary “Indian 
Corn,” and are therefore better for purposes of study. 
The seeds may be softened before examination by soaking 
them in hot water for some time. 

On one side of the fruit there is an oblong area of a light 
colour (Fig. 40, b). The embryo lies immediately under- 
neath this. If the fruit be cut longitudinally through the 

ALEURONE LAYER 



Fig. 39.— Fruit of Maizg cut u)ngitudinally. 

middle of this area, the embryo will be seen in section 
lying to one side of a mass of endosperm (Figs. 39, 40 c). 
When the cut surface is moistened with iodine solution, the 
endosperm is stained blue, and is thus shown to be rich in 
starch. In microscopic sections, however, it is found that 
the outermost layer of the endosperm, the layer lying just 
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under the testa, contains aleurone grains ; it is called the 

aleurone layer. 

The embryo consists of a large plumnle, a radicle, and a 
single massive cotyledon, called the scutellum, which lies 
against the endosperm. The parts of the embryo can be 

recognised by dis- 
secting the embryo 
away from the endo- 
sperm, but their 
structure is best seen 
in a longitudinal sec- 
tion under the micro- 
scope. Both radicle 
and plumule are 
large and are enclosed 
in sheaths. 

At germination 
(Fig. -£)) the scutel- 
lum or cotyledon re- 
mains behind in the 
seed and absorbs the 
endosperm, i.e. it is 
hypogeal. The fer- 
ment which convei*ts 
the starch into sugar 
is secreted by the 
cells of the outermost 
layer, the epithelial 
layer, of the scutel- 
lum (Fig. 39). The radicle passes down into the soil and 
may give off lateral branches. It does not, however, give 
rise to the root-system of the plant. It is replaced by 
roots which are developed from the base of the stem, and 
which can be recognised in a rudimentary form on the 
embryo even before germination begins (Fig. 39). 

The plumule passes above ground, and Y&sy soon the 
first foliage leaf unfolds. During its growth it bursts its 
sheath, which can be seen surrounding the base of the first 
leaf (Fig. 40, a). By some this sheath is regarded as the 
cotyledon ; according to this view the scutellum is simply 



Fig. 40. — Gkrmination of Maize. 

A, B, Fruit in BUifaoe view ; C, Fruit in section ; 
D-G, Stages in development of seedling. 
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an absorbing organ developed from the axis of the embryo. 
It should be noticed that the plumule in the Maize, being 
pointed, readily pierces the overlying s(til ; it therefore does 
not form a loop or arch, but grows straight through. 

The “ seeds ” of the Wheat, Barley, and Oat should be 
compared with that of the Maize. Their form is different, 
but their structure and germination are essentially the 
same. These plants belong to the group of the Mono- 
cotyledons, in which, as the name indicates, the embryo 
has only one cotyledon or seed-leaf. 



HAIRS 

Fig. 41.— Fruit or Sycamork. 

Wall of fruit cut away on the right side to bIiow seed and cuibiyo. 


§ 6. Motes on other Seeds. — The four seeds described 
above may be regarded as examples of the more important 
types of seed. The following, which are considered more 
briefly, should be compared with them : — 

The Oak , — The nut or acorn of the Oak is a fruit. The cup in 
which it is seated is called the cupuU, The nut may contain 
several seeds, but usually there is only one. The seed is exal- 
buminous. The two cotyledons, which are closely pressed together 
and can only be separated with some difficulty, are large and 
massive. The plumule and radicle are both small and lie at the 
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pojntod end of the seed. They can be recognised by separating the 
cotyledons, but are best seen in a longitudinal section. The coty- 
ledons are hypogeal. , 

The Sycamore (Fig. 41). — The fruits of the Sycamore are the 
well-known **key8.” Usually two of those, occasionally three, 
are joined together, and in each tlie pericarp has developed a 
“wing” or membrane which serves for wind-dispersal. Tlio 
“ keys,” when ripe, separate from each other, but for a time remain 
connected to a thread which is attached to the flower 

stalk. The cavity or chamber of the ripe “ key ” is lined with fine 
hairs and contains a single brown-coat^ seed. The seed is exal- 
buminous. The radicle is directed towards the side where the 
“key” separated from its companion. The plumule is small and 
lies between the bases of the two cotyledons, which are cunningly 
folded up so as to occupy as little space as possible. The seeds 
germinate readily in the spring and seedlings are found in abun- 
dance. The strap-shaped cotyledons are epigeal. 



• Pig. 42.-^Pruit and Seed of Ash. Fig. 43. 

A, Entire ; B, Seed exposed and cut so as Gbrhination of Onion. 

to show the embiyo. 


The Ash (Fig. 42). — In Autumn the Ash bears tufts of brown- 
coloured fruits. In each fruit the free end of the pericarp is pro- 
longed into a “ wing.” The other end is somewhat swollen and 
contains a single seed. cutting into the cavity of the fruit it 
will be found tiiat the seed is borne on a long stalk which is attached 
to the bottom of the cavity. The brown covering of the seed is the 
seed-coat. By shaving on the flat surface of the seed a dicotyle- 
donous embryo will m exposed lying in the midst of homy endo- 
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sperm. The cell-walls of the endosperm tissue are thickened and 
represent a store of carbohydrate food-material in the form of 
cellulose, while the cells also con- ^ 

tain proteid substance. The seed POSi ■ EMBRYO 

of the Ash does not germinate until \ EMBRYO 


two years after it is developed. The 
cotyledons absorb the food-material, 
but afterwards come above ground, 
i.e. they are epigeal. 

The Onion (Fig. 43). — The small 
black seeds are very irregular in 
shape, but are somewhat pointed at 
the base where the seed was at- 
tached to the fruit. Before exami- 
nation the seed should be soaked in 
water to soften it. A longitudinal 
section should show a somewhat 



ENDOSPERM *t5TA 

Fig. 44. —A, Seed (Stone) of 
Date ; B, Transvkksk Section 
THK ouuH Embryo. 


. slender curved embryo embedded in 

ft - BAwiTA endosperm. The radicle is towards the 

If' ’ pointed base of the seed; towards the 

/ /TESTA other end is the single cotyledon. The 

% / J. 'ENDOSPERM plumule is small and is concealed within 
ft hollow cotyledon. 

. , J At germination the radicle elongates 

j grows down into the soil as the 

i ll X)OTYLEDON first root, but afterwards, as in the 
fi '-hSTALK Maize, its place is taken by roots de- 

I ANO veloped from the base of the stem. The 

SHEATH lower part of the cotyledon also elon- 
— QP gates and grows out of the seed-coat. 

COTYLEDON Bent over so as to form -a loop or arch 

like the hypocotyl of the Sunflower, it 
passes above ground and forms the first 
green foliage leaf. The tip of the co- 
tyledon, however, remains coiled up 
inside the seed- coat for the purpose of 
PRIMARY absorbing the endosperm. At a later 
— stage a second leaf, developed from the 
plumule, bursts through the base of the 
coWledon and comes above ground. 

The Date (Figs. 44, 45). — The familiar 
Date “stone” is the seed. The brown 
outer layer is the seed-coat. Along one 

Mg. 46 .-Sbi!»uno of Date. 8'^® « * ^®®f' S^''® PF 
Th. ««d (■< rtone •■) 1. diown in ^ «»« “‘ddle of the otter side a little 
tran^Yerae Bection. protuberance will be observed, which 

marks the position of the embryo. If 
the “stone” be out across transversely at this point, the little 
embryo will be seen embedded in hard, horny endosperm. The 


•ENDOSPERM 


X)OTYLEDON 

'--STALK 

AND 

SHEATH 

OF 

COTYLEDON 


^PRIMARY 

ROOT 


Fig. 45.— -Sbedlino op Date. 
The seed (“ stone ") is shown in 
transYerse section. 
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hardness of tlio endosperm is due to the thickness of the cell- walls, 
which represent a store of carbohydrate food- material in the form 
of cellulose. ^ ^ 

The process of germination can be studied if the stone be put in 
moist sawdust or soil and kept sufficiently warm, e,g, in a hot- 
house. The pointed radicle elongates, grows down into the soil, 
and forms the primary root. The lower part (sheath and stalk) of 
the single cotyledon also grows out of the seed, but the upper part 
remains inside the seed to absorb the endosperm. The cmlulose is 
gradually converted into sugar by means of a ferment secreted by 
the cotyledon. Tlie primary root branches, and is more strongly 
developed than is usual in Monocotyledons, but it does not give 
rise to the root-system of the plant. Tlie plumule is enclosed in 
the sheath of the cotj’ledon ; it bears leaves, which eventually 
break through the sheath and come above ground. 

The Brazil Nut , — In this seed the hard shell is the seed-coat. 
The seed is exalbum inous. The cotyledons and plumule are very 
minute and occupy the broader end of the embryo. The primary 
root also is very small and lies at the narrow end. The greater part 
of the embryo consists of the swollen hypocotyl, whose cells contain 
oil and proteid grains. 

§ 7. Monocotyledonons and Dicotyledonous Seeds. 

(A) Dicotyledons , — The embryo has almost invariably two 
cotyledons. In exceptional cases there may be three {e,g, 
occasionally in Sycamore and Oak) or only one {e.g. Lesser 
Celandine). The seeds are in most Dicotyledons exal- 
buminous. If the cotyledons are small and contain a 
relatively small amount of food-material, e.g. in Cress and 
Mustard, it is evidently necessary that the seedling should 
establish itself as quickly as possible. In this case the 
radicle elongates rapidly and the cotyledons and plumule 
are quickly carried above ground by the elongation of the 
hypocotyl. ft is only in some seeds, where the cotyledons 
are very large, that the latter remain inside the seed-coat, 
i,e. are hypogeal. 

There, are, however, many examples of albuminous 
seeds, e.g. in plants belonging to the Orders Ranuncu- 
laceae and UmbellifersB. The amount of endosperm varies. 
Sometimes it is abundant, and the embryo very small. In 
other cases, e.g. in Labiatse, it is reduced to a thin layer 
and the embryo is relatively large. The relation of the 
embryo to the endosperm also varies. It majr, for example, 
be embedded in the endosperm, or may be coiled round it. 
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But in all cases the tip of the radicle lies close to one side, 
near the micropyle. In albuminous seeds the cotyledons 
remain inside the seed till the endospefm is absorbed and 
then form the first green leaves. 

Typically in Dicotyledons the primary root persists and 
forms the root-system of the plant. 

(B) Monocotyledons . — The embryo, as already indi- 
cated, has only one cotyledom. The seeds of Orchids and 
of many aquatic Monocotyledons are exalbuminous ; but 
the great majority of monocotyledonous plants have albu- 
minous seeds. 

The cotyledon may come above ground as the first 
foliage leaf, as in the Onion. In most cases, however, it is 
hypogeal, either the whole of it, as in Grasses, or its upper 
part, remaining behind in the seed-coat to absorb the 
endosperm. Usually the radicle and plumule are pushed 
out of the seed by the downward growth of the lower part 
of the cotyledon. The plumule may be large, as in 
Grasses {e.g. Maize) ; but it is usually very small, and, as 
a rule, concealed within the base of the cotyledon. The 
primary root, although it may develop fairly strongly at 
germination, is soon replaced by other roots developed 
from the base of the stem. 

§ 8. Uses of Cotyledons. — From the seeds examined 
it will be observed that the cotyledons have various 
functions to perform. In nearly all cases they are con- 
cerned with the feeding or nursing of the embryo plant. 
In exalbuminous seeds they contain more or less food- 
material, and in some cases, e.g. Oak, Broad Bean, and 
Pea, are food stores and nothing more. In albuminous 
seeds they function as absorbing organs. They secrete 
the ferments by which the stored substances are digested 
and rendered soluble and then absorb the soluble pro- 
ducts and pass them on to the plumule and radicle. 
Finally in some Monocotyledons and in the great ma- 
jority of Dicotyledons they form the first foliage leaves, 
and become active in the assimilation of fresh supplies 
from outside. They have a much simpler form than the 
foliage leaves which follow them. 
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§ 9. Examination of Seeds. — In examining seeds the 
student should endeavour to make out the following 
points : — (a) whether dicotyledonous or monocotyledonous ; 
(h) whether albuminous or exalbuminous ; (c) the position 
and form of the embryo, relation to endosperm, etc. ; 
(d) the nature of the food-material stored up. Much may 

done, especially if the seeds are large, by simple dissec- 
tion, with the help of a hand lens. But frequently, and 
especially in small seeds, recourse must be had to micro- 
scopic sections. For various reasons the appearances pre- 
sented by these will often be very puzzling. The embryo 
is often curved or folded ; the cotyledons may be folded 
in various ways; in albuminous seeds the embryo is 
variously situated in relation to the endosperm. These 
are difficulties for which the student must be prepared. 

The nature of the food-material can be recognised by 
applying the usual tests (for starch, proteid, oil, and 
cellulose) . It is worth remembering that oily seeds usually 
contain no starch. The student therefore may expect to 
find starch, oil, or cellulose associated with proteid in 
greater or less amount. 

The practical study of germination also is important. 
The seeds may be placed in boxes in moist sand or saw- 
dust. A good plan is to replace one side of the box with 
a plate of glass and put the seeds close to the glass. 
Failing this a large glass jar may be lined internally with 
blotting-paper and then filled with moist sawdust, or, 
better, with bog-moss {Sphagnum), The seeds should be 
put between the glass and the blotting-paper. 



CHAPTER IV. 

THE STEM OF THE ANOIOSPERM. 

§ 1. The stem and leaf structures into which the shoot 
in the Angiosperm is differentiated show an immense 
variety of forms. For this reason it will be convenient to 
study them separately. The present chapter is therefore 
devoted to the stem — its general external characters and 
internal structure. 

A. Extbbnal Chabacters. 

§ 2. nfodes and Xnternodes. — ^We have already stated 
that the plumule grows upwards into the sunlight, and 
develops into the leaf -bearing stem of the plant. As 
growth goes on the stem not only produces members 
unlike itself, the leaves, but may also give rise to similar 
members, i.e, it may branch. In the fully grown part of 
most stems, the leaves are separated by intervals from 
each other. The points at which one or more leaves are 
given off are called the nodes of the stem, and the regions 
between these the internodes (Fig. 46, a). 

§ 3. Q'eneral Descriptive Terms. — Usually stems in trans- 
verse seotion are oiroular, and are described as cylindrical. Others 
are marked by alternate ridges and furrows, and are said to be 
angular. Thus the stem of the White Dead-nettle is quadr- 
angular or ** square.” Some stems are flattened. In rarer oases 
we meet with globular or altogether irregular stems. The stem 
may be either herbaceous or woody. In some plants, as in the 
Wall-flower, it is herbaceous above and woody below. Some 
herbaceous stems are more or less dilated or expanded at the nodes. 
This is due* to the arranffcment of vascular tissue at these points. 
The stems appear iointea, and hence the terms Jointed or aertiou* 
lated applied to them. Such stems are called culms. Examples 
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are met with in the Pink and in grasses. The stem may be more 
or less hairy. It may be prickly or spiny. If there are no 
hairs, and the stem is quite smooth, it is described as glabrous ; 
if, in addition, it is more or less shiny, with a bluish oolour, it is 
said to be glaucous. Hollow stems are described as fistular. 

§ 4. Buds (Pig. 46). — ^The growth in length of the main 
stem, or a branch, takes place towards the apex. At the 
extreme apex the internodes have not yet elongated ; the 
young leaves, which are just in the course of development, 
are crowded together and closely overlap the growing apex 



Fig. 46.— A, Twio WITH Leaves and Buds ; B, Winter Bud in Longitudinal 
Section ; C, Buds in early Spring. 


of the stem or branch. This compact structure, which we 
nearly always find at the apex of a stem, is called a 
terminal bud. As growth takes place the internodes 
' gradually elongate, and the leaves become separated. 

It is important to notice that the branches of a stem 
make their first app^ance as buds. These buds, which, 
with reference to the stem on which they are borne, are 
called lateral buds, are situated in the anile of the leaves, 
i.e, in the angle between the leaf and the upper part of 
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the stem. The axillary position of the buds should be 
carefully noticed. In the Angiosperms it is the rule that 
each leaf has a bud in its axil. 

Very frequently, either naturally or owing to the influ- 
ence of external conditions, only some of these buds develop 
into branches; the others remain quiescent. In circum- 
stances of necessity, however, as, for example, when the 
main stem and chief branches have been destroyed, these 
dormant buds become active, and give rise to deferred 
shoots. Sometimes the shoots developed late on the stems 
of trees have this character. 

A bud, then, as found in the Flowering Plant, may be 
defined as a rudinj^entary or embryonic shoot, consisting of 
a short axis in which the internodes have not yet elongated 
and in which the young leaves are closely crowded together 
and overlap the apex. These buds can be recognised on 
plants at all seasons, but are most noticeable, and are seen 
in the greatest variety, in winter. 

In many buds the young leaves are all of the same kind 
and in course of time develop into green foliage leaves, 
but in most winter buds only the central leaves of the 
bud are of this kind, while the outer ones are small and 
scaly— scale-leaves — and serve as a protection against cold 
and loss of water (Fig, 46, b). In those regions of the 
Tropics where there is a regular alternation of dry and 
wet seasons many buds are similarly protected by bud- 
scales during the drv period. In many winter buds the 
loss of moisture, which would be injurious to them, is 
more effectually prevented by the corky nature of the 
scales, by the secretion of mucilaginous or resinous sub- 
stances {e.g. the Horse-Chestnut), or by the development 
of a covering of hair, as in many willows. 

When the buds unfold in Spring the bud-scales fall off 
and leave a zone or girdle of close-set scars. The age of 
any particular part of a branch can be determined by 
counting the number of these zones between it and the 
apex of the branch. They are well s^n in the Sycamore, 
Horse-Chestnut, and Beech. 

The normal axillary buds developed in acropetal 
order (p. 12). Buds which are developed out of their 
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proper order, or without anj relation to the leaves, are 
called adventitious. The shoots of pollards and those 
developed on the trunks of many trees (e.gf. the Elm) 
arise from such buds. They may also be developed on 
leaves or roots. If the leaf of the Begonia, for example, 
be artificially wounded and laid on the surface of the soil, 
adventitious buds are developed from the wounded surface 
and produce new plants. Buds occasionally arise naturally 
on the leaves of the Lady’s Smock {Cardamme praiensis). 
Adventitious buds commonly spring from the root in 
Dandelion, Eose, Hawthorn, Elm, Hazel, Poplar, and 
other plants. 

Sometimes more buds than one are developed in the axil 
of a leaf. These are called accessory buds. Examples 
are found in the Walnut, Ash, and some Willows. 

§ 5. Branching of the Stem. — The branching of the 
stem in the Angiosperm is probably always lateral (p. 11) ; 
in other words, the branches arise as lateral buds in the 
axils of the leaves. The young leaves and their axillary 
buds originate as little protuberant outgrowths just below 
the extreme tip of the parent-axis. The branching may 
be racemose or oymose (p. 12). 

In indefinite or racemose branching (Fig. 3, b) there 
may be, at each node, either a single branch or a series 
(called a whorl) of two or more branches, according to 
the number of buds developed (which will depend largely 
on the number of leaves). Definite or cymose branching, 
if only one daughter-axis is given off at each branching, is 
said to be ;^iparoiis (Fig. 47, a-d) ; if two, biparous 
(Fig. 47, b) ;.;if more than two, multiparous. The biparous 
cymose form of branching, owing to the abortion of the 
growing-point of the parent-axis, frequently resembles a 
dichotomy, hence the name falae dichotomy often applied 
to it. Examples are seen in the Lilac and Mistletoe. 

In uniparous cymose forms the successive daughter-axes 
may be developed right and left alternately— the soorpioid 
form (Fig. 47, a) ; or always on the same side — the heli- 
coid form (Fig. 47, c). In these two forms the branch- 
ing would present a zigzag or spirally coiled appearance 
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respectively, if the branches retained the position in which 
they are developed. But in nature the brnnching becomes 
straightened out (Fig. 47, b, d), and fiie basal portions 



Fig. 47.— Forms of Oymose Branctiino, 

A — D, UniijaroiiB. 

of the successive daughter-axes constitute what to all 
appearance is a simple parent-axis, but is really a false 
axis or sympodium. The scorpioid form resembles a 
typical raceme; the helicoid form a one-sided raceme. 
These sympodial forms are distinguished from true race- 
mose ones by the position of the leaves, which, it should 
be noticed, are given off on the opposite side from what 
are apparently lateral branches. 

The student is advised not to be content with a theore- 
tical knowledge, but to make a careful practical study of 
branching by examination of a large series of plants. The 
racemose form is by far the commoner in purely vegetative 

BOT. 6 
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parts of stems ; but cymose branching is frequently met 
with in trees — e,g, the uniparous form in the Beech, Elm, 
and Lime, where, owing to the death of the terminal bud 
at the end of the year, the growth in the following year is 
continued by a lateral bud. Types of branching are most 
easily recognised in herbaceous plants ; in many woody 
plants (shrubs and trees), owing to the frequent loss or 
injury to which they are exposed, branching cannot be 
studied in its primitive conation, and the premature at- 
tempt to diagnose the more complicated forms of branching 
will inevitably lead to confusion. 

§ 6. Forms of Stems. — We have already indicated that 
the various parts of plants are adapted to the performance 
of certain functions. The ordinary functions of a stem are 
(a) to bear the leaves and keep them expanded or exposed 
in such a way that they may best carry on their functions ; 
(h) to serve as a conducting channel for various nutritive 
solutions passing between roots and leaves. These func- 
tions may, however, be carried on in many different ways, 
according to the mode of life of a plant, or peculiarities in 
its environment. Stems in different plants must have a 
structure and organisation adapted to the conditions in 
which they live. In addition to this stems may take on 
special functions. Thus they may serve as organs of vege- 
tative propagation, or as storeplaces of nourishment ; they 
may be specialised to act as protective organs, or to perform 
the functions usually carried on by other members. 

The student will understand, t^n, that stem-structures 
assume agi immense variety of forms, according to their 
special adaptations. Some [e.g. Foxglove, Sunflower, Lily) 
grow straight up, and are self-supporting ; they are said to 
be “ erect.” This is the typical form of stem. Others 
are weak stems, incapable of themselves of growing erect 
Most stems are aerial, but many are buried in the soil, and 
are called underground or subterranean stems. Some are 
herbaceous; others are woody. Most woody plants form 
shrubs or trees, and are perennial, i,e. persist for a number 
of years. Herbaceous plants may be anniUtls, living only 
during one season, and dying down in the autumn ; others 
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are biennial (e.gf. the Turnip), living during two seasons. 
In the first year they produce only vegetative shoots ; in 
the second, flowers, fruits, and seeds. Many herbaceous 
plants, however, which die down in the autumn, perennate 
by means of their underground stems. 

Some small shoots or twigs have only a limited develop- 
ment, and are called “ dwarf shoots ” — ^for example, in 
the Apple, where they are the twigs producing the flo^’^ers. 
Finally, in some plants, the stem is extremely short 
(“ reduced ate'im ”) and the leaves aj^pear to come off from 
the top of the root. Good examples are seen in the Daisy 
and Dandelion. We will now consider some of the more 
important of these forms. 

§ 7. Weak Stems. — ^In some plants the stems are more 
or less prostrate or trail along the ground. Many weak 
stems, however, which are unable to grow erect themselves, 
make their way upwards by attaching themselves to sur- 
rounding objects. These are known as climbing and 
twining plants. 

In cUmbing plants the climbing is effected in various 
ways. The Ivy, for example, climbs by means of adventitious 
roots ; these roots, devdoped on the stem, fix themselves 
to the trunk or waU on which the plant climbs. The Pea, 
the Passion-Flower, the Vine, and many other plants, climb 
by means of special organs called tendrils. These ten- 
drils, as we shall see later, may be specialised stems, leaves, 
or parts of leaves. The Virginian Creeper climbs by means 
of adhesive, sucker-like discs developed at the tips of the 
branches of its tendrils; Clematis, by means of its leaf- 
stalks or petioles, which act the part of tendrils, and, in 
fact, are called petiole-tendrils. The Blackberry and Goose 
Grass (Cleavers) support themselves by means of hook-like 
prickles w;hich enable them to scramble over other plants. 

As distinguished from these, twining plants achieve the 
same result by themselves twining round some support, as 
for example, the Hop, Convolvulus, Honeysuckle, and 
others. The object in all cases of climbing or twining is, 
of course, to enable the plant to reach the light, which is 
necessary for the assimilation of carbon dioxide (p. 18). 
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§ 8. Bnnnerp Offset, and Sucker. — ^Many plants give 
off highly specialised shoots, serving chiefly for purposes 
of vegetative production. Of these the runner, offset, and 
sucker are the commonest. 



The mnuer, or stolon (Fig. 48), is a very slender shoot 
running along the surface of the ground, and attaining a 
considerable length. It arises in the axil of a leaf, at the 
level of the soil. At intervals it produces small scale- 
leaves, with a bud in the axil of each. From the bases of 

these buds adventitious roots 
pass down into the soil, and 
in this way new plants are 
formed. The Strawbeny 
and Creeping Buttercup give 
good examples. 

The offset {e.g. in the 
Houseleek, Fig. 49) resem- 
bles the runner in origin, but 
is shorter and stouter. It is 
merely a short runner which turns up at the end to form 
a new plant. 

The sucker (Fig. 50) is merely an underground runner 
or branch ; it grows upwards, develops roots and aerial 
shoots. These suckers are white or pink in colour, and 
resemble roots. They are distinguished as stems, however, 
by their axillary development and the possession of scale- 
leaves. Good examples are seen in the Mint, Dead-nettle 
and Bose. 



Fig. 40 . — Offset of IIouse-Lekk. 
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§ 9. Bulbils. — These may be described as axillary buds, 
which become large and fleshy owing to the storage of 
food-material in their leaves. They differ also from ordi- 
nary buds in the fact that 


they separate from the 
parent plant, fall to the 
ground, and produce new 
plants, thus serving for 
reproduction (e.g. Lesser 
Celandine, some Lilies). 
They may also take the 
place of flowers {e.g. in 
the Onion, some grasses, 
etc.). In plants produc- 
ing them seed-formation 
is usually uncertain. 



Fig. 50.— Suckers of Mint, 


§ 10. Underground 

Stems. — The possession of underground stems enables 
plants to tide over peiiods unsuitable for aerial growth. 
They are thus a means of perennation, and serve also for 
vegetative reproduction. There are several forms which 
deserve special mention. 
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by internal structure). The leaves may be large foliage 
leaves, but more frequently the rhizome bears only small 

brown scale-leaves, 
the foliage leaves 
being borne on the 
aerial shoots de- 
veloped on the rhi- 
zome. 

Occasionally rhi- 
zomes are short and 
stand almost ver- 
tical, or run more 
or less obliquely 
through the soil, 
as in the Primrose. 
In this case the 
misleading term 
root-stock has been given to them. But usually the rhizome 
is a horizontal and dorsiventral structure. 

Adventitious roots are given off from the surface of the 
rhizome. It usually branches free- 
ly, and if these branches become 
separated they form distinct plants. 

The aerial branches may be given 
off after the racemose type of 
branching, in which case the rhi- 
zome is monopodial in development 
(see p. 12) and has a persistent 
apex (e.g, the Wood Sorrel). In 
other cases the apex of the rhizome 
grows up into an aerial shoot, and 
the growth of the rhizome is con- 
tinued by a lateral bud developed 
in the axil of a scale-leaf. Here the 
rhizome is sympodial in develdp- 
ment, being made up of the per- 
sistent basal portions of the suc- 
cessive growths, as indicated in Fig. 

51. Examples of sympodial rhizomes are found in the 
Wood Anemone and Solomon’s Seal, and also in various 



Fig. 53.— CoRM OF Crocus. 
(liongitudinal section.) 
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Eeeds, Sedges, and creeping Grasses (Pig. 62). As a 
rule, the scars of leaves and branches can be readily de- 
tected on a rhizome. • 


The Corm (Pigs. 
68, 64) is an under- 
ground shoot which 
may be regarded as 
a condensed form of 
rhizome. It consists 
of a massive swollen 
stem called the disc, 
on which are a num- 
ber of loose, more or 
less sheathing scale- 
leaves. The size of 
the disc is due to the 
large amount of food- 
material stored in it. 
One or more buds are 
present in the axils 
of the leaves, some- 
times towards the 
apex of the disc (e,g, 
in the Crocus, Pig. 
63), sometimes to- 
wards the base (e.g, 
in the Autumn Cro- 



cus or Meadow Saffron, Pig. 64). 

In the spring these buds develop at the expense of the 
stored food-material, and grow up into aerial flowering 
shoots. Adventitious roots are developed from the base 
of the bud, and pass down into the soil. During the 
summer the surplus amount of plastic substance is stored 
up in the basal portion of the new stem, and thus a new 
corm is gradually formed, which will in the same way 
produce new plants the following year. 

Thus the corm represents the basal underground part 
of a stem, laden with food-material, and bearing buds 
and scale-leaves. Corms are pop'idarly spoken of as 
bulbs. 
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■TUNIC 
^ LEAVES 
^ YOUNG 
^ BULB 


The Bulb (Fig. 65) may also be regarded as a short 
specialised underground shoot. It has a structure some- 
what similar to the corm, but the stem or disc is compara- 
tively small, and tlie food-material is stored up in the 

large, fleshy scales which 
^ / 1 ,ivi^ invest and overlap the disc. 

//llBSk TtiMi^ These scales may either be 
scale-leaves, or the fleshy 
^ h f YOUNG foliage leaves whose 

BULB upper parts have withered, 
rt ^ IP ^ present in the axil 

innermost 
scales and in the spring de- 
velops at the expense of the 
^ stored food-material into a 

/Imlmi (/1R\ flowering axis surrounded 

If Him) //mM foliage leaves, and also, 

jl 1 lifif !// \i it may be, by a number of 

Fig. 55.-TuNioATEr>:BuLB. scale-leaves. Adventitious 

(Longitudinal section.) roots are given off from the 

base of the bulb. 


Fig. 55.— Tunioatep^Bulb. 
(Longitudinal section.) 


After flowering the food-material which is formed is 
stored up in the scale-leaves or in the bases of the foliage 
leaves, and in this way a new bulb is produced, which will 
repeat the process the following year. Instead of a single 
bud, two or more may be present in the axils of the inner 
leaves. In this case the new bulbs formed from them 


separate from the parent bulb. 

In scaly bulbs {e,g. Lilies, Tulips, etc.) the fleshy scales, 
of which the jnain bulk of the bulb is composed, simply 
overlap at their margins. In txinicated bulbs (e.g. Onion 
and Hyacinth) the outer leaves are large and completely 
ensh^ath the inner portions of the bulb. The coloured 
membranous covering or tunic present on the outside of 
such bulbs is formed by the shrivelled remains of the 
leaves of a previous season. 

Bulbs and corms are characteristic of plants which are 
exposed to the dangers of drought or of cold. They are 
found most commonly in monocotyledonous plants, but 
occasionally also in Dicotyledons. 
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The Stem-tuber (Fig. S6) is a swollen underground 
stem, or part of a stem, laden with food-material, and 
serving for purposes of 
vegetative reproduction, e.g» 
in the Potato and Jerusa- 
lem Artichoke. 

In the Potato the tubers 
are borne on slender under- 
ground shoots, which are 
recognised as such, not only 
by their internal structure, 
but also by the fact that 
they bear scale-leaves. The 
tubers make their appear- 
ance either at the apex of 
a shoot, or in the axils of 
the scale-leaves, and, in- 
stead of developing into 
normal branches, become 
enormously dilated by the 
deposition of starchy food- 
material. The tuber, how- 
ever, is readily distin- 
guished as a modified stem- 
stnicture, not only by its position of development, but also 
by the possession of buds, known as the “ eyes'" When a 
tuber, or part of a tuber, is placed in the soil under proper 
conditions, the buds or “eyes” develop at the expense of 
the stored food-material, and produce new plants. 

§ 11. Stem-Tendrils, Spines, and Cladodes. — These 
are striking examples of more pronounced modifications of 
stem-structure which have arisen in adaptation to special 
conditions. They are quite unlike ordinary stems, and 
assume forms which are also met with in morphologically 
different (dissimilar) members. 

Stem-tendrils are highly specialised climbing organs. 
They are very slender, usually branch, may bear small 
scaly leaves, and are sensitive to contact. When in their 
growth they touch a suitable support, they twine round 



Fig. 56 . — Seedijng of Totato with 

DBVELOI’ING Tubkrh. 
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it and the part of the tendril between the plant and 
the support becomes spirally coiled so as to raise up 

the part on which 
they are developed. 
Their morphologi- 
cal value is recog- 
nised by their posi- 
tion. Sometimes 
they represent lat- 
eral shoots. In 
this case they arise 
distinctly in the 
axils of leaves, e,g. 
STEM in the Passion 

Flower and White 
Bryony. Others re- 
present the modi- 
fied apices of the 
successive shoots of 
a cymose branch- 
Fig. 57 .— tendiui*s of the Vine. ing (Vine, Virgin- 

ian Creeper). In 

this case they do not appear in the axils of leaves, but 
are placed on the opposite side of the sympodial axis from 
the leaves (Pig. 57, and cf. Fig. 47, b, d). 

Stem-spines, or thorns (Fig. 58), are modified branches 
which have lost their apical growing point and become hard 
and sharp-pointed. Examples are 
seen in the Sloe, Hawthorn, and 
Gorse. The conversion of branches 
into thornsjjl^y reducing the leaf- 
surface, diminishes transpiration, 

.and, in this connection, it has to 
be noticed that they are commonly 
found on plants which live in dry 
situations. They also function, how- 
ever, as protective organs. Their slor. 

stem-nature is recognised as before 
by their structure, by their position in the axils of leaves, 
and also by the fact that, though the terminal bud has 
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been lost, they may bear lateral buds. It is interesting 
also to notice that in the Plum, which may be regarded as 
the cultivated form of the Sloe, these s^^uctures are repre- 
sented by leafy, flowering shoots. 

The student must carefully distinguish between spines 
and prickles. The latter are irregularly developed, i.e, 
have no definite relation to the leaves, have no vascular 
tissue, and are very readily broken off. 

A cladode or phylloclade is a stem-structure which 
has taken on the general appearance and functions of a 
leaf. The whole stem may be so modified. This is the 
case, for example, in the Duckweed, 
a small aquatic Monocotyledon in 
which the minute leaf -like stem not 
only carries on the process of as- 
similation, but also acts as a float. 

Usually, however, phylloclades re- 
present lateral branches. In Bus- 
CMS aculeatus, the Butcher’s Broom 
(Fig. 69), they are veiy leaf -like 
externally, but bear flower-buds 
and arise in the axils of small 
scale-leaves. Asparagus has green 
needle-like phylloclades. 

Phylloclades are mostly found 
in plants growing in dry or desert conditions, as, for ex- 
ample, in various plants belonging to the Cactacese and 
Euphorbiacese. Under such conditions, in typical cases, 
the true leaves are either small or wanting, while the 
flattened leaf-like stems become more or less succulent, 
develop thick cuticles, and are adapted in other ways for 
storing up water and cutting down transpiration. 



Fig. 59.— Phylloclade of 
Ruscus. 


§ 12. The Toms or Thalamus. — We have already 
mentioned (p. 8) that* the flower is a specialised shoot. 
That part of the floral axis which bears the floral leaves 
(sepals, petals, etc.) is called the thalamus or torus. It 
presents certain peculiarities, and must therefore be re- 
garded as a special form of stem. It will be considered 
fully in the chapter on the flower. 
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§ 13. Summary.— We may summarise the general dis- 
tinctive characters of the stem in the following statement : 
stem-structures tend to grow upwards, towards the light ; 
they usually end in a bud, and bear leaves, lateral buds, 
and often also reproductive organs ; lateral branches 
(in Flowering Plants) arise in the axils of leaves; their 
development and internal structure are, in many ways, 
characteristic. 

We cannot, however, regard this as of the nature of a 
definition, distinctly marking off steins from leaves and 
roots, for these general characters are not absolute. Thus 
we have seen that some stems {e,g. rhizomes) remain 
under ground and partake of the functions of roots; 
others have lost their terminal bud ; in a few cases, again, 
buds are developed on roots and leaves. At the same 
time the student must notice these characters carefully; 
for it is by attention to these that he can as a rule recog- 
nise members which, however modified they may be, have 
the morphological value of stems. In this way, as already 
indicated, the rhizome, the sucker, the tubers of the Potato, 
and the spines of the Sloe, etc., can all be recognised as 
stem-structures. 


B. Internal Structure. 

7. THE DICOTYLEDON. 

§ 14. Primary Structure. — The primary arrangement 
of tissue characteristic of the dicotyledonous stem may be 
studied in the Sunflower (Helianthus) or other herbaceous 
types. Fig. 60 represents, diagrammatically, a portion of 
a transverse section of a well-developed internode of the 
Sunflower. On the outside is the epidermis (p. 56). The 
fllbro-Fascnlar bundles (p. 62) are seen to be arranged in 
a ring. Owing to this characteristic arrangement, the 
gpronnd-tissne (p. 62) is marked off into (a) a central 
region, the mednUa or pitb, (b) an outer region between 
the epidermis and the vascular ring, the cortex, and (c) a 
number of strands running between the bundles from pith 
to cortex, the primary medullary rays. 
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The pith, medullary rays, and inner region of the cortex 
consist chiefly of thin- walled jparenchyma (p. 47). The 
hypodermal region of the cortex (the Jiypodermis), the 
region immediately under the epidermis, consists of collen- 
chyma (p. 48). In the cortical parenchyma, sometimes 
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Fig, 00.— Part op a TBANsvifiRSK Skction op Stem op Sunplowbr. 
The Inter-faucicular Cambium is not found in Young Internodes. 


also in the pith and medullary rays, small resin-passages 
can be detected, each with its epithelial layer (p. 55) . If 
the section be stained with iodine solution it is found that 
the cells of the innermost cortical layer contain starch- 
grains. This layer is then distinctly marked off from the 
rest of the cortex. It is the endodermis or bundle- 
sheath. Here, as in most stems, it is simply a starch- 
layer ; its cells are not cutinised. 

Pig. 61 represents the structure of one of the fibro- 
vascular bundles in transverse and also in longitudinal 
section. The bundles are conjoint (p. 61). The zylem 
or wood is internal ; the phloem or soft hast external ; and 
there is between them a strip of meristematic tissue, 
the fascicular or intra-fascicular cambium. Bundles 
having the xylem and phloem placed side by side in this 
way are called collateral. When a cambium is present, 
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SO that further growth (seoohdary growth) may take 
place, they are said to be open. The bundles of the 
Sunflower, then, a^o collateral and open. 
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Fig. 61.— Fibro-vascular Bundle— Stbm of Sunflower. 
(TransveiBe and radial longitudinal seotionB.) 


The primary xylem contains annular, spiral, reticulate, 
and pitted vessels. They are more or less arranged in 
radial rows, and amongst them is a tissue consisting of 
wood-fibres (p. 61) and wood-pa/renchyma (p. 48). The 
smallest (annular and spiral) vessels are found in the 
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region of the primary xylem which lies next the pith. 
This is the region of the pFOtoxylem. The phloem or 
soft hast consists of sieve-tubes, compg^nion cells (p. 62), 
and phloem-parenchyma (p. 61). The companion cells 
(Fig. 28) are slender elongated cells, with dense proteid 
contents. The hard hast (p. 61) and xylem, being lignified, 
are stained brown by iodine solution. The cambium is a 
single layer of thin- walled elongated cells which in trans- 
verse section are seen to be more or less four-sided and 
flattened. Towards the beginning of secondary groAvth, 
owing to the division of its cells, it seems to consist of 
several layers. 

In some dicotyledonous stems no hard bast 
is developed, e.g. in the Wallflower. On the 
other hand, in many stems, instead of isolated 
bundles of hard bast, a complete ring of scler- 
enchymatous tissue is developed between the 
vascular bundles and the endodermis. 

§ 15. Longitudinal Course of the 
Bundles, — Fig. 62 represents diagram- 
matically the longitudinal course of the 
bundles in a Dicotyledon. Tracing one 
of these upwards, we find that it runs 
through one or two internodes, and then 
bends out into a leaf. At the point 
where this bending takes place another 
bundle arises, runs upwards through one 
or two internodes, and passes out to»a 
higher leaf. So with all the bundles of 
the ring. Or we might express it in 
another way, and say that bundles pass 
into the stem from the leaves, run down- 
wards in the stem, and finally join on 
to bimdles entering the stem from older 
leaves. 

The bundles are common bundles, i.e, they are not 
confined to the stem, but are common to stem and leaf. 
The upper part of the bundle, running obliquely through 
the cortex towards the leaf, is called the loi^-trace. In 



Fig. G2.— Diagram 
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the stem all the bundles run parallel to the epidermis, and 
at an equal distance from it. That is why, in transverse 
section, they form ^ ring. There is frequently considerable 
branching and intercommunication of the bundles at the 
nodes. It follows that the primary medullary rays are of 
limited height. 

In the stems of a few Dicotyledons cavline hurvdlea, i.e. bundles 
confined to the stem, are founa in addition to the usual common 
bundles. They usually run through the pith within the ring of 
common bundles and communicate with the latter at the nodes. 

§ 16. Distribution of Strengthening Tissue, — It 

will be obseiwed that the strengthening tissues in the 
Dicotyledon stem (xylem, sclerenchyma, collenchyma) are 
arranged near the periphery. It can easily be shown that 
this is the arrangement which best meets the strains to 
which the stem is subject. A little reflection will show 
that the stem of a land-plant is mostly subject to bending 
strains (from wind and other influences). Now, if we bend 
a stem, it will be evident that the strain falls chiefly on 
the two sides of the stem. On the concave side the outer 
tissues will be compressed, while on the convex side they 
will be elongated. There is little or no strain in the 
middle. Thus the strengthening tissue will be most ad- 
vantageously disposed near the periphery where the strain 
is greatest. 

In roots, stems of water-plants, and other members, 
which must be able to bend and yet withstand pulling 
strains, the strengthening tissue, as we shall see later, is 
arranged in the centre. It may be taken as a general rule 
that the distribution of strengthening tissue in the various 
members of iT plant is in accordance with the strains to 
which they are subject. 

' § 17. The Apical Meristem and Development of 
Tissues. — Having now described the arrangement and 
the different regions of permanent tissue found in the 
fully grown herbaceous stem, let us see if we can trace 
any relation between these and the apical meristem from 
which they are derived. A longitudinal section (Figs. 63, 
64) through the apical bud of a dicotyledonous stem shows 
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the apical meristem, and also the mode of origin of young 
leaves and branches. By examining such a section, and 
also a regular succession of transverse sections, we can 
trace the gradual differentiation of tissues. 

In some stems three regions can be distinguished in the 
apical meristem. There is a single outermost layer passing 
right over the apex. If we trace this layer into the region 
of permanent tissue, we find that its cells divide only by 
walls at right angles to the surface ; there are no divisions 


Fig. 03.— Growing-Point of a Stem. 



(Longitudinal section.) 


parallel to the surface. Thus the layer remains single. It 
is the young or embryonic epidermis, and is called the 

dermatogen. 

Internal to this is the second region, the periblem. At 
the extreme apex it may be a single layer ; but behind the 
apex, owing to the irregular division of its cells, it becomes 
many-layered. From it the cortical region of ground- 
tissue is developed. The periblem, therefore, is the young 
or embryonic cortex. Its innermost layer becomes the 
endodermis, or bundle-sheath. 

The third region forms the core, or central part of the 
apical meristem. It is known as the plerome. From this 
region is differentiated the whole of the central cylinder of 
tissue lying inside the endodermis, and including the vas- 
cular bundles, pith, and medullary rays. 

BOTi 
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The dermatogen is always very distinot ; but it is only in a com* 
paratively few stems — chiefly stems in which the apex is slender 
and the leaves are not numerous — that there is at the apex a clear 
distinction between periblem and plerome. In some stems the 
periblem and plerome seem to arise from a common group of initial 
(meristematic) cells, and become recognisable only at some distance 
behind the apex. Sometimes they cannot be distinguished at all ; 



Fig. 64. — Growing-Point ok a Stem. 
(Longitudinal section — diagrammatic.) 


and, occasionally, what appears to be the plerome is really the 
young pith, the tissue which gives rise to the bundles not being 
marked off from the periblem. 

§ 18. Development of the Vascular Bundles, — At 

some distance behind the apex a number of longitudinal 
strands of elongated meristematic cells make their appear- 
ance near the periphery of the plerome. The divisions 
which take place in these cells are chiefljr longitudinal, so 
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that, on transverse section, the cells appear smaller than 
the cells of the central region, wliicli develops into the 


pith. The strands are 
called procambial or 
desmogeu strands. A 

transverse section ( Pig. 
65) shows that they are 
developed in a ring of 
similar small-celled tissue, 
fonning the peripheral re- 
gion of the plerome. The 
strands develop into the 
vascular bundles ; they 
are in fact the young or 
embryonic bundles. 

In the differentiation 
of a procambial strand, 
the first xylem elements — 
the protoxylemy consisting 
of annular and spiral ves- 
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Differentiation of Tissue. 


sels — make their appear- (Dijigiainiuatic.) 

ance on the inner side next 


the pith ; the first phloem elements — protopliloem — on the 
outer side. Differentiation proceeds from these points to- 
wards the centre of the strand. The xylem vessels formed 
last are pitted. The differentiation, liowever, is incom- 
plete. A layer of meristematic cells persists in the middle, 
between the xylem and the phloem, as the fascicular 
cambium. This, being derived directly from the apical 
meristem, is a primary meristem (p. 46). The primary 
phloem thus developed is the soft bast. 


The longitudinal differentiation of the bundle shows considerable 
variety. In-typical cases it begins at a node and extends from this 
point downwards into the iiiternode and outwards into the leaf. 
The procambial tissue of leaf trace and leaf is developed in the 
periblem (see p. 151 ). 


§ 19. Conjunctive Tissue. — The small-celled tissue 
around and between the procambial strands differentiates 
into ground-tissue, which being closely associated with the 
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vascular tissue is.called conjunotive tissue. The vascular 
tissue and associated conjunctive tissue constitute what is 
called the stelar system of tissue. 

The peripheral band of conjunctive tissue lying outside 
the ring of bundles and internal to the eiidodermis is called 
the pericycle. It may be a single layer of cells {e.g. Wall- 
flower) ; but it usually consists of a number of layers. In 
the latter case it may consist entirely either of thin- walled 
tissue or of lignified tissue. Most frequently, however, the 
portions of pericycle which lie just outside the bundles, 
and these only, are lignifled, and form the hard hast of 
the bundles. This lignification takes place later than the 
differentiation of the bundles. Thus the hard bast, strictly 
speaking, does not belong to the bundle at all. The inter- 
vening parenchymatous portions of the pericycle cannot 
be distinguished from the tissue of the medullary rays, 
which are developed from the tissue lying between the 
procambial strands. 

The small-celled conjunctive tissue on the inner side of 
the bundles frequently forms a very distinct zone round 
the pith, called the perimedullary zone (Fig. 65— it is not 
shown in Fig. 60). In description it is not distinguished 
from the pith. 


§ 20. The relations which, in typical cases, exist between 
the regions of permanent tissue and the regions of apical 
meristem may be shown thus ; — 
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§ 21. Summary. — The stems of most herbaceous Dicoty- 
ledons, and the young tender shoots of dicotyledonous 
shrubs and trees, have a structure agreeing in its general 
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character^ with that just described. . These general charac- 
ters may be summarised : — 

(а) The apical meristem shows, mo1*e or less distinctly, 

dermatogen, periblem, and plerbme. 

(б) Tlie bundles, in transverse section, are. arranged 

in a ring, and thus the ground-tissue is divided 
into regions known as cortex, pith, and medul- 
lary rays. 

(c) The bundles are Collateral, and most of them 

common. The xylem contains typical vessels, 
wood-fibres, and wood-parenchyma. The phloem 
contains sieve - tubes, companion cells, and 
phloem-parenchyma. Hard bast is often present 
as a lignified portion of a pericycle. 

(d) The bundles are open, so that secondary growth 

may take place. 

§ 22. Arrangements of Stelar Tissue.— In the stems ot‘ 
some water-plants (e.g. Myriophylfum, Modea^ Caflitriche) the 
plerome, which is very distinctly marked, gives rise to a central or 
axile cylinder of vascular tissue with its associated conjunctive 
tissue. The central xylem is surrounded by phloem and an invest- 
ing band of pericycle. The whole cylinder is enclosed in a well- 
marked endoderniis. A central cylinder of this kind is called 
a protostele ((Ir. (7x77X77, a column), and the stems are said to 
be ’•proiOHielic (Fig. 66 , a ). It was formerly called a covcentric 
bundle ; it corresponds, however, not to a single collateral bundle 
of the Sunflower, but to the whole system of stelar tissue. The 
protostclio condition is cliaracteristic of the young primary stems 
of ferns, and in some slender ferns persists in the adult stems. 
It is also found in most roots; but in roots the continuity of the 
phloem is interrupted at certain points by the xylem, which at 
these points extends out to the pericycle (Fig. 79). 

In the stems of most ferns, as growth proceeds, this primitive 
condition is modifled. Partly owing to the need for a larger amount 
of vascular tissue, partly to secure a better arrangement of support- 
ing tissue, the primitive stele dilates. In the centre there first 
appears a patch of conjunctive parenchyma {primitive pith)^ and 
theDf Mgher up, a large-celled medulla or pUh resembling the cortex 
and ^mw'different from conjunctive tissue. This hollow or mcdul- 
lated stele is known as a siphoiiOBtele (Fig. 66 , b). 

An internal band of phloem, and an internal pericycle or endo- 
cyole are usually developed; and an internal endodermis may 
separate the stelar tissue from the pith. This further development 
of the medullated stele is known as a aolenostele (Fig. 66, c). Its 
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continuity is interrupted by portions of it (meristeles) passing out to 
the leaves. The gaps thus formed, through which the pith com- 
municates with the cortex, are emailed foliar gaps. When they are 
numerous the hollow C3dinder is broken up into a network of strands. 
As the internal endodermis, pericj-cle, and phloem unite with the 
corresponding external tissues in each strand so as to surround the 
xylem, the strands simulate the appearance of protosteles. Hence 
the stems are said to be polystelic, and the vascular strands have 
been called steles (Fig. 66 , d). Kvideiitly, however, they are not 



Fig. CG.—Tuansition from the protostelic to the dictyostrlic 

CONDITION IN THE STKMH OF FkRNB. 

(Diagraiiiiii<*itic tmnBverite gcctions.) 

A, Protost^c ; 13, Siphonostolic ; C, Solenostclic ; D, Dictyosiulic. 

individually equivalent to protosteles, and are better described as 
meristeles, or simply as “ concentric bundles,” This is now called 
the dictyostelic conditim.. 

In most dicotyledonous stems no primitive protostelio condition 
is found. . The stele dilates at once on passing from the primary 
root into the stem, and forms what is. evidently a special kind of 
hollow cylinder or siphonostele, which differs n'om that described 
above in that the vascular tii^ue has separated into a number of 
collateral bundles with conjunctive tissue between. This form of 
siphonostele, which is characteristic of dicotyl^onous stems, is 
rometimes called a typical monostale or euaieh. 
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Internal phloem is developed in the White Bryony. Each bundle 
has a mass of phloem on the inner side of the xylem. The bundles 
are, for this reason, described as bicollateral. In some dicotyle- 
donous plants, e.g. Auricula^ the stem is polystelic ; but the poly* 
stelic condition has a different development from that described 
above. 

§ 23. Secondary C^owth. — ^We have now described the 
primary structure characteristic of dicotyledonous stems. 
In herbaceous Dicotyledons it is practically the only struc- 
ture to be recognised. On the other hand, in those peren- 
nial Dicotyledons whose aerial parts continue their growth 
from year to year, and which form shrubs and trees, this 
primary structure is completely modified by secondary 
growth which provides for the necessary extension of 
the vascular and other systems of tissue. By secondary 
growth is meant the formation of new tissue owing to the 
activity of a cambium layer, so that the member in which 
it occurs increases in thickness. 

The student must bear in mind that the cambium is a 
meristein. Its cells are capable of dividing and forming 
new cells, which are modified or differentiated into per- 
manent tissue-elements. The new tissues thus formed are 
called secondary to distinguish them from the tissues 
differentiated from the apical meristein. In considering 
this process we have to study the formation, not only of 
secondary vascular tissue, but also of secondary ground- 
tissue (phelloderm) and secondary tegumentary tissue 
(cork and bark). 

§ 24. Initiation of the Process. — We have already 
seen that there is a layer of fascicular cambium between 
the primary xylem and phloem. When the process of 
secondary growth is about to begin, certain of the paren- 
chymatous cells in each medullary ray also become meri- 
stematic. These strips of secondary meristem (p. 46) are 
called interfascicular cambium (Fig. 60). They cross 
the medullary rays from one bundle to another, and join 
on to the fascicular cambium. In this way a complete 
ring of cambium — ^the cambium ring — is formed in 
the stem. Its formation can readily be studied in the 
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older internodes of Helianthus, where there are the be- 
ginnings of secondary growth, or in the young green twigs 
of trees. 

§ 25. Division of the Cambial Cells. — The elQngp.tcd cambium 
cells are flattened in the radial direction, and their end- walls are 
obliquely inclined (Fi^. 4, b). The method of division is as fol- 
lows Each cell divides tangentially (».c. hy a wall at right angles 
to the radial direction) into an outer cell and an inner cell. Of 
these one continues as a cell of the cambium. The other may 
divide once or twice, but all the cells to which it gives rise are 
ultimately diflerentiated into permanent tissue. The cell which 
continues os a cambial cell increases in size and again divides. As 
before only one of the two cells is diflerentiated. And so on. 

§ 26. The Secondary Tissue (Fig. 67). — ^The new cells 
formed by the cambium are given off on both sides — in- 
ternal and external. Those given off on the inner side are 
modified into wood elements — secondary zylem ; those on 
the outer side, into phloem elements — secondary phloem. 

It is evident, if the original position of the cambium 
ring be kept in mind, that the secondary xylem is laid 
down just outside the pith and primary xylem groups, and 
that, as a consequence of this, the cambium ring passes 
farther and farther from the centre of the stem, pushing 
in front of it the phloem-tissue both primary and second- 
ary. In other words, the primary xylem and primary 
phloem become widely separated from each other, owing 
to the intercalation between them of the tissue formed by, 
and on either side of, the cambium. 

The primary xylem bundles can still be recognised at 
the periphery^ of the pith, and form what is called the 
medullary shsuth. The primary phloem lies on the outer 
side of the secondary. Pushed outwards as it is, and 
lying therefore on the circumference of a widening circle, 
it is subjected to lateral tension. For this imson it is 
very frequently spread out over the surface of the second- 
ary phloem, and the original distinct groups of primary 
phloem are no longer recognised ; but scattered groups of 
bast-flbres (representing the original hard bast, t.e. peri- 
cycle fibres) are frequently seen on the periphery of the 
secondary phloem. : . 
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of secondary growth, and which therefore run (though 
they are very narrow) from pith to cortex, are still called 
primary, the tenfi secondary being reserved for those 
whose formation began later, and which therefore start 
somewhere in the secondary wood and end somewhere in 
the secondary phloem. 

The cambium ceases division during the winter. It 
renews its activity in the spring. Each year it forms a 
band of secondary wood and secondary phloem. The 
circular bands of secondary wood are distinctly marked off 
from each other, and are known as the annual rings. 

The wood formed in the spring differs somewhat from 
that formed in the autumn. The former, the spring 
woody consists of large, well-formed elements ; the latter, 
the antnmn wood, of smaller, more strongly thickened 
and lignified elements. This is partly owing to the greater 
activity of gi*owth during the spring, partly because during 
the winter the pressure exerted by the outer tissues lessens 
slightly owing to the cracking of the cork. Occasionally 
more than one ring may he ^ded during a year owing to 
fluctuation in the amount of food or water supplied to the 
cambium ; but the number of annual rings indicates ap- 
proximately the age of the stem. 

This appearance is not sec3n in the phloem. Usually, as 
seen in transverse section, the phloem forms a continuous 
circular band, traversed by narrow medullary rays. In 
some cases, however (e.g. in the Lime), owing to the medul- 
lary rays expanding tangentially, by growth and division 
of their cells, the phloem seems to be made up of a number 
of conical masses with the apices directed outwards. The 
primary phloem groups are found at the apices of these. 

The secondary zylem consists of wood-vessels, wood- 
fibres (sclerenchymatous fibres and tracheides), and wood- 
parenchyma. It contains onkj 'pitted vessels. In rare cases 
^ere ai*e no vessels ; more frequently, e.g, in Willows and 
Poplars, there are no tracheides. The function of the 
wood-parenchyma is to provide for the diffusion of nutri- 
tive products ; it serves also for the storage of starch, and 
other products of metabolism. All the xylem elements 
being lignified give strength and rigidity to the stem. 
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The secondary phloem frequently consists entirely of 
soft bast, but sometimes (e,g, in the Lime) it contains 
layers of bast fibres (hard bast). The "soft bast contains 
sieve-tubes, companion cells, and phloem-parenchyma. The 
sieve-tubes and companion cells serve for the transport of 
proteid substance ; the phloem-parenchyma for the trans- 
port and storage of carbohydrate substance. 

The medullary rays are vertical plates of parenchyma 
traversing the wood and phloem in a radial direction. 
Their cells are elongated radially. They are not usually 
more than one to a few cells wide. In height they vary 
from two to about fifteen cells. They must not be thought 
of as sheets of tissue running continuously from the base 
of the stem to the apex. By means of the medullary rays 
the phloem and other tissues are supplied with water 
absorbed from the wood. On the other hand, through 
them the living cells of the wood receive nutritive sub- 
stances which have been elaborated in the leaves and 
convoyed down the stem in the phloem. 

§ 27. Duramen and Albnrnnm. — In old trees showing 
many annual rings, the central region of secondary wood 
becomes distinctly marked off from the peripheral region. 
In the central region the wood-cells (wood-parenchyma) 
lose their contents, and the walls and cavities of the xylem 
elements are filled with tannin and other substances, which 
give a dark colour to the wood and preserve it from decay. 
This dark-coloured central region of the xylem is called 
the duramen or heart-wood; the peripheral region, which 
alone serves for the transference of watery solutions, is the 
alburnum or sap-wood, 

§ 28. Fbellogen — Formation of Cork (Fig. 67). — It is 
evident that this internal formation of secondary wood and 
phloem must exert considerable pressure on the peripheral 
tissues (cortex and epidermis). The epidermis is stretched 
and eventually ruptured. To provide for this there is the 
formation of new tissue from another cambial layer deve- 
loped in this region. This cambial layer, which arises as a 
secondary meristem, is the phellogen or cork-cambium. 
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In the majority of cases {e,g, in the Elder) the phellogen 
has a superficial origin in the outermost layer of the 
cortex, immediately underneath the epidermis. At some 
stage in the process of secondary growth, the cells of this 
layer become meristematic. The young cells given off to 
the outer side of the phellogen are suberised, and form a 
tissue known as cork or periderm (see p. 50). This 
tissue being impermealde to water cuts off the epidermis 
from nourishment. The epidermis dies and gradually 
peels off as the first bark of the tree. The cork is the 
secondary tegumentary tissue developed to replace the 
epidermis and carry on its functions. 

New cells may also be produced on the inner side of the 
phellogen. The tissue thus formed is parenchymatous 
and is added on to the primary cortex. It is the phello- 
derm or secondary cortex. This tissue, how'ever, is fre- 
quently absent (Fig. 67), or only sparingly developed, 
during the first few years of secondary growth. 

Although the phellogen of the stem usually originates in the 
outermost cortical layer, it may arise in other layers. Thus in 
Willows it originates in the epidermis itself. Sometimes it is the 
second or third layer of the cortex which becomes meristematic, 
€.g. in the Tjaburnum. In Clematis, tlie Vine, and others, the first 
phellogen arises in the pericycle. In these cases the first bark con- 
sists not only of the dead epidermis, but also of all cortical tissue 
external to the phellogen. It may be taken as a general rule that 
the deeper the origin of the phellogen, the earlier and more abundant 
is the formation of phelloderm. 

§ 29. The Bark may bo defined as all dead tissue lying 
outside an aoiive cork-cambium. We have already indi- 
cated what the first bark consists of. The first phellogen 
form^ may persist for a large number of years, e.^. in the 
Birch ; in the Beech it persists throughout the life of the 
tree.; This is the case only where the first phellogen htm a 
superficial origin. In such cases there may be a con- 
siderable formation of bark owing to the dying off of the 
fblder cork-layers. 

But in most ca^s this first phellogen dies, sooner or 
later in those plants where it has a superficial origin, early 
in those where it is deep-seated. It is replaced % a new 
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or secondary phellogen developed in the deeper tissue. 
This produces a new cork-layer, and as a result all the 
outlying tissues (the original cork, etc.)»die and are added 
to the bark. If the succession of secondary phellogens is 
rapid it often happens that the phellogen comes to lie close 
to the phloem. In some cases, even, the new pliellogens 
may arise in the phloem, e.g, in the Vine and Clematis. 

In some trees the bark comes away iti sheets, and is spoken of as 
ring-bark. This may be due either to tlie fact that the first 
phellogen is persistent, e.tj. in the llirch, or to the fact that the 
successive phellogens appear in the form of regular rings. But in 
many trees the bark is given o£t in scales — scale-bark — e.y. in the 
Plane. Tliis is due to the fact that the secondary phellogens do not 
arise as regular rings or layers, but in the form of little tangential 
strips abutting on the previous phellogen. 


§ 30. Iionticels (Fig. 68). — In the young green shoot, 
the epidermis, as we have seen, has stomata allowing for 
the interchange of 

gases and water- epidermis loose cells 


vapour. When the 
cork-tissue is deve- 
loped we usually find 
certain structures 
known as lenticels 
having the same 
function. These 
form small oval scars 
on the brown surface 
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file shoot (e.gr. in 68.~Skction through a Lenticel. 

the Elder). Sections 

show that at these points the cork-cells are not in close 


contact, but have separated from each other and form a 


loose, granular, or powdery mass through which gases and 
vapours can readily pass. 

The lenticels are as a rule developed immediately under- 


neath the stomata. Where a thick mass of cork is 


developed they form long passages or canals, filled with 
the powdery cork-cells, as, for example, m the ordinary cork 
of commerce. The lenticels are closed during winter by the 
formation of ordinary cork-tissue. 
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IL THE MONOCOTYLEDON. , 

§ 31. The Typical Arrangement. — Fig. 69 shows the 
typical arrangement of tissues in the inonocotyledonous 
stem, as seen in transverse section. There is a large 
number of vascular bundles scattered irregularly through 
the ground-tissue. They are smaller and closer together 



Pig. 09 .— Half of a Transverse Section of a Monocot vledonous Stem. 
( Diugrainmatic.) 

The tissue between the bundles is tliin-wolled parenuliyiuatuus 
ground'tisauu. 


at the periphery of the stem than in the centre. Owing to 
this scattered arrangement of the bundles, the ground- 
tissue is not parked off into pith and medullary rays. 

The ground-tissue consists chiefly of thin- walled paren- 
chyma, but just under the epidermis there may be patches 
of collenchyma or sclerenchyma. In addition to this there 
is, in many monocotyledonous stems, a stout band of 
sclerenchyma, called the strengthening zonei developed 
just outside the region containing the bundles. This 
strengthening zone is the lignifled sclerenchymatous 
pericycle. The layer of cells immediately outside it . is 
the endodermis, which, however^ is usually very faintly 


THB STEM OF THE ANOIOSPEBM. 


Ill 


marked in Monocotyledons. The endodermis, as in Dico- 
tyledons, is the innermost layer of the cortical ground- 
tissue. In the monocotyledonous stem ^le vascular tissue 
of the stelar system separates into a number of distinct 
collateral bundles, each invested by its own slieath of 
lignified conjunctive tissue (sclereiichyma. Fig. 70). 

While this arrangement is found in many monocotyle- 
donous stems, e.g. in Buscus (the Butcher’s Broom) and 
in Asparagus, it should be carefully noticed that in others 
the pericycle and endodermis are not marked off by special 
characters from the rest of the parenchymatous ground- 
tissue — e.g. in the Maize. 

§ 32. The Vascular Bundle (Fig. 70). — The bundles 
are collateral. The xylem is directed towards the centre 
of the stem, and is usually more or less distinctly V-shaped. 



PROTOPHLOEM 
SIEVE TUBES 
COMPANION CELLS 


LARGE PITTED 
VESSELS 

SMALL PITTED 
VESSELS 

SPIRAL AND 
ANNULAR VESSELS 

XYLEM PARENCHYMA 

LYSIGENOUS CAVITY 
SCLERENCHYMA 

70 .— Transvebsk Section of Vascular Bundle of Maize. 


Large pitted vessels, one or more, are situated on each 
arm of the V. The protoxylera vessels occupy the apex of 
the V. In some plants, e.g. in the Maize, an air passage 
is lysigenously formed by the breaking down of one or 
more of the_annular vessels. The phloem lies between the 
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arms of, but, as a rule, slightly outside, the V. It consists 
of sieve-tubes with small companion cells; there is no 
phloem-parenchy\ua. On its outer side small protophloem 
elements can often be recognised, but there is no hard 
bast. The reason of this will be evident if the student 
remembers that the hard bast in the Dicotyledon is a 
lignified portion of the pericycle. The bundles are 
closed, i.e, there is no cambium, and therefore no secondary 
growth. 

§ 33 Longitudinal Course of the Bundles (Fig. 71). 
— The bundles arc common. The leaves have usually a 
broad insertion, and from them a num- 
ber of bundles can be traced into the 
stem. Their downward course in the 
stem is not parallel to the surface, but 
curved. They first run obliquely down- 
wards towards the centre, and then bend 
outwards again towards the surface. 
After running through one or two inter- 
nodes they join on to bundles passing 
in from older leaves. At all levels then 
we obviously have bundles situated at 
varying depths in the ground-tissue, 
and it is for this reason that the trans- 
verse section shows a scattered arrange- 
ment. 

§ 34. Apical Meristem and Differ- 
entiation of Tissues. — In the apical 
meristem dermatogen^ jperiblem, and pie- 
rome can be more or less clearly distin- 
MotSwvlJLnT guished as in the Dicotyledon. The 
(Dia«mmmatic.) dermatogen gives rise to the epidermis, 
the periblem to the cortical ground- 
tissue, and the plerome to the tissues within this. As 
already indicated, the endodermis (innermost layer deve- 
loped from the periblem) and hypodermal tissue (col- 
lenchymatous or sclerenchymatous) may or may not be 
^stinctly marked off. The pericycle may or may^not be 
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sclei*encbyinatous. Scattered procambial strands appear 
in the plerome. Differentiation of vascular tissue takes 
place as in Dicotyledons, but is complete, so that no 
cambium is left. 

§ 35. Hodifications. — Sometimes the bundles are not irre(fnlarly 
scattered, but confined to particular regions of the ground- tissue. 
In the Black Bryony {Tamus communin), for example, they run in 
the region of ground-tissue immediately inside the strengthening 
zone. In this case there is a superficial resemblance to the dicoty- 
ledonous arrangement. In Grasses the central region of the ground- 
tissue in the internodes has been absorbed, so that the internodes 
are hollow, and the bundles run in the ground- tissue (derived from 
the plerome) near the epidermis. Finally, in a few Monocoty- 
ledons — Yucca, Dracaena, etc. — there is a form of secondary growth. 
It is only in these few forms that wo meet with secondary growth 
among Monocotyledons. 

Certain examples of monocotyledonous trees may occur to the 
student, such as the Palms. In these, however, there is no 
secondary growth. The whole of the tissues of the stout palm-stem 
are deriveu from a huge apical nieristem. In Palms there is the 
typical scattered arrangement, though the tissues undergo much 
thickening and lignification. 

§ 36. Exceptional Secondary Growth. — In Yucca, 
Dracaena, and. a few others, there is a form of secondary 
growth. In the primary condition of the stem there is the 
typical scattered arrangement of common bundles which 
are closed. A cambium originates in the pericycle entirely 
as a secondary meristem. It gives rise to new tissue on the 
inner side only, and this tissue is differentiated into new 
secondary bundles with intervening ground-tissue. The 
new bundles are cauline (p. 96). A phellogen (secondary 
meristem) also develops l^neath the epidermis, and pro- 
duces cork. 


HI. GENERAL. 

§ 37. Origin of Lateral Branches.— In both Dicoty- 
ledons and Monocotyledons axillary buds have a superficial 
origin from the apical meristem of the parent- stem. They 
arise as little protuberances of dermatogen and periblem 
only (Fig. 64). The plerome of the parent-axis takes no 

BOT. . 8 
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part in their formation. For this reason their develop- 
ment is said to be exogenous. As the axillary protu- 
berance increased in size a plerome (derived from the 
periblem of the parent axis) differentiates, and becomes 
connected with the plerome of the parent. Young leaves 
begin to grow out and overlap the apex. Thus we have an 
axillary bud which in all respects reproduces the structure 
of the apical bud of the parent-axis. 

§ 38. Healing of Wounds. — When a stem (or other 
member of a plant) is injured, the outermost uninjured 
layer of living ground-tissue formsameristem (phellogen), 
producing a cork-layer which protects the wounded surface. 
This power of healing wounds is possessed by Monocoty- 
ledons as well as by Dicotyledons. 

Frequently, in woody plants, the uninjured cells adjacent 
to the wounded surface do not directly produce a cork- 
layer, but give rise to a succulent mass of parenchymatous 
tissue called the callus. This fills up and covers the 
wound, and cork is formed on its surface. If the cambium 
is injured, the cells of the callus form a fresh strip of 
cambium, which becomes connected with the injured layer, 
and thus provision is made for the continued formation of 
secondary tissue. 

When a branch of a tree is cut or broken off, a covering 
of callus is developed from the cambium layer round the 
margin of the exposed surface. The cambium developed 
in this produces secondary tissue, which, in course of time, 
completely buries the stump. This is the origin of the 
IcTiots so frequently met with in the wood of trees. The 
hardness of the knot is due, of course, to the pressure of 
the surrounding wood. When plants are propagated by 
means of cuttings, there is a similar formation of callus on 
the cut surface. 



CHAPTER V. 


THE EOOT OF THE ANOIOSPEliM. 

§ 1. General Characters. — The root may be defined as 
that member of a plant which tends to turn downwards, 
away from light and towards water; wliich, as a rule, 
bears neither leaves nor buds ; and which usually has at 
the apex a protective cap of tissue called the root-cap. 
The internal structure and development, also, are character- 
istic. It is by considei*ation of these characters that true 
roots can be distinguished from root-like stems. 

A, External Characters. 

§ 2. Tap and Adventitious Boots. — As already ex- 
plained, the terminal portion of the radicle is the embryonic 
or primary root. In the majority of Dicotyledons the 
primary root, at germination, elongates, grows down into 
the soil, branches, and forms the root-system of the plant. 
This is known as a taj^-root system. The elongated primary 
root is described as a tap-root, and the branches, if deve- 
loped in regular acropetal succession, as normal secondary 
roots. The branching is invariably lateral. Where an 
elongated tap-root bears normal secondary roots the 
branching is racemose (Fig. 66). Where the parent-root 
remains short, and the normal branches form the exten- 
sive root-system, the branching may be compared with the 
cymose type (Fig. 72). 

Instead of normal roots, however, we may find adventi- 
tious roots. These are roots developed (a) on other roots, 
but not in the normal order of acropetal succession ; (6) on 
stems ; (c) in a few cases on leaves. Adventitious roots 
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also are common in dicotyledonous plants, more especially 
in those with rhizomes, runners, trailing stems, etc. {e.g. 
Figs. 60, 61). Pn Monocotyledons, in nearly all cases, the 
roots are adventitious (see p. 76). 

§ 3. Fnnctions and Adaptations of Boots, — Like 
stems, roots have a form and organisation adapted to their 
mode of life and the conditions in which they live. Only 
where they are exposed to light do they contain chlorophyll, 
and help to a certain extent in carbon-assimilation. They 
are iisually buried in the soil, and, for this reason, are not 
exposed to such a diversity of influences as stems. Their 
environment being less complex, they naturally show less 
variety in form and adaptation. 

At the same time, the functions of an ordinary root — 
(a) the fixation of the plant, (b) the absorption of nutri- 
tive solutions from the soil — may be carried on in many 
different ways, according to the nature of the soil or the 
needs of the plant. We find also that roots may take on 
special functions. They may, for example, function as 
storeplaces of nourishment, or as climbing organs. Some- 
times they are aerial, sometimes aquatic. In a few cases 
roots are more highly specialised as floats, spines, and so 
on. For these reasons the forms and adaptations of roots 
are by no means few. 

§ 4. Forms of Tap- and Normal Branch-Boots. — 

The most typical form, 
found more especially 
in Iierbaceous Dicotyle- 
dons, is the fibrous 
branching tajp-root. 
Here both the main or 
tap root and the normal 
branches are elongated 
and slender, more or 
less resembling fibres 
(Fig. 66). Such roots 
are found only in “ deep-feeding ” plants. A modification 
of this is the short stout primary root, with ah extensive 



Fig. 72 .— Short Primary Root with 
Fibrous Normal Branches. 
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sjstem of fibrous noriiial branches (Fig. 72). Such roots 
are found in § ** surface feeders.” 

Annual roots are usually thin and fibrous and contain 
no stored food-substance. Perennial roots, on the other 
hand, have more or less reserve material providing for next 
year’s growth, and may become thick and fleshy, as in 
Dandelion and Dock. For the same reason the root in 
biennial plants may be greatly thickened, as in Carrot, 
Beet, Biadish, and Turnip (Fig. 73). It should be noticed, 
however, that the so-called tap-root of the Carrot and Beet 



CONICAL 



Fig. 73 . — Forms op Thickrned Tap-Root. 


(conical tap-root) really includes the hypocotyl, while in 
those of Eadlsh (fusiform tap-root) and Turnip (napi- 
form tap-root) the swollen part consists entirely of the 
nypocotyl. Sometimes normal secondary roots become 
swollen and tuberous, forming normal root-tuhers. 

§ 5. Forms of Adventitious Boots.—Adventitious 

roots are usually slender and fibrous, as in Gt^rasses. But 
frequently, owing to storage of food-material, they become 
tuberous, as in Dahlia, Paeony, and many Orchids. 
These root-tubers may ^ be simple and undivided ; or 
double, i,e, branched into two (double tuber) ; or branched 
in a finger-like manner (pabnate tuber, Fig. 74). In 
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Dahlia and Paeony the tuberous roots grow out from the 
base of the stem (Fig. 75). In Orchids they are developed 
adventitiously fr^m buds produced at the base of the 

season’s shoot. In the 
following year the buds 
develop into new aerial 
shoots at the expense of the 
material stored up in the 
tubers. 

Sometimes adventitious 
roots, are aerial, as in many 
Orchids, where they are 
adapted for absorbing mois- 
ture from the air. Occasion- 
ally aerial roots function as 
climbing organs (root-ten- 
drils), e.g. in the Ivy. Many 
plants have what are called parasitic roots.’* These 
plants, .instead of deriving their 
food -material in the usual way, 
send '' suckers ” (haustoria) into 
other plants and absorb their nu- 
tritive juices. 

§ 6. The Boot-Hairs (p. 60) 

are developed on roots a short 
distance behind the root-cap. 

They do not persist l)ehind this 
region. Besides acting as ab- 
sorbing organs they play an im- 
: portant part ^n the fixation of 
the plant, as ''the particles of soil 
firmly adhere to them. They 
are well seen on the roots of 
seedlings grown in moist sand 
(Fig. 76). 

* According to some these are not true roots, hut structures of 
the nature of emergences (p. 60). They differ from simpler emer- 
ences in having a core of vascular tissue, and from most roots in 
eing usually exogenous in origin. 



Pig. 7.'>.— Tuberous Boots of 
Dahlia. 



Fig. '4 .— Palmate Tuber of an 
Orchid. 
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B. Internal Structure. 

§ 7. The Apical Begion. — Fig. 77 represents diagram- 
matically a median longitudinal section of the radicle of the 
embryo of the Almond or Sunflower. See also Fig. 78. 
Covering the apex is the root-cap, which, as has already 
been indicated (p. 56), is a many-layered epidermis. Be- 
neath this is the meristem, which gradually passes farther 
back into tlie older tissue of the * root. The meristem 



P'ig. 70 .— Mustard Skrdlinos. 


shows, very distinctly as a rule, the same regions as 
in the stem — dormatogen, periblem, and plerome. 

The dermatogen cells usually divide by both perpen- 
dicular and tangential walls, so that at the apex of the 
root it forms the many-layered root-cap. The periblem, as 
in the stem, gives rise to the cortical ground-tissue. The 
plerome gives rise to the central cylinder containing the 
vascular tissue with its associated conjunctive tissue, 
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Trocaiiibial strands make, their appearance in it, and, on 
further development, these are completely differentiate 
into vascular buhdles — some into xylem bundles, others 
into phloem bundles. The differentiation of both xylem 
and phloem bundles begins on the outer side of the pro- 
cambial strands, so that the protoxylem and protophloem 
both lie to the outside. 

In most Dicotyledons, the root-cap tissue shades off 
farther back into a single layer, which produces the root- 


COTYLEOON COTYLEDON 



(DLigrammatic.) 

/hairs. In most monocotyledonous roots, as can readily be 
t^o^ised in a similar section of the radicle of the Maize, 
the same structures are se^ ; but here the tissue of the 
root-caj) peels off completely, so that behind the apex the 
superficial layer is the outermost layer derived from the 
periblem (Fig. 78). The layer of meristem from which the 
root-cap is formed is sometimes called the calyptrogen. 
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Most TOots are protostelic (p. 101). Frequently, how- 
ever, the centre of the cylinder is occupied by con- 
junctive tissue forming a primitive pitb (Fig. 79) ; and in 
many monocotyledonous roots with large steles a true pith 
(p. 101), more or less distinct from conjunctive tissue, is 
developed, so that the structure becomes siphonostelic. 
Only one or two exceptional cases of polystely are known 
to occur in a few palms. 


^OOT-CAP 


/ 



piliferous layer 


Fig. 78.— IjONaiTUDIKAL SkOTION TIIllOUGIt THR TlP OF THR 
IlADICLK OF A MOROC<»TVLKJ)ONOtTS EmURVO. 

§ 8. Primary Strncture of Boots. — transverse 
section of a monocotyledonous, or of a young dicotyle- 
donous, root (Figs. 79, 80) shows a varying number of 
vascular strands, or bundles, more or less aggregated 
towards the centre. These bundles, developed from pro- 
cambial strands, are not conjoint, but consist of phloem 
only, or xylem only. The zylem and phloem bnudles 
are equal in number, and alternate witli each other, so 
that they are situated on different radii of the transverse 
section. They are separated by conjunctive iisme. It 
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is important to notice that the stele is exarch^ i.e. the 
protoxylem elements (annular and spiral) lie towards the 
periphery, and nQt, as in the stem-bundles, towards the 
centre (endarch). 

In many roots all the xylem bundles fuse or meet in the 
centre of the root in a number of large pitted vessels ; in 
this case there is no pith. In others, the centre of the 
root is occupied by a parenchymatous, sometimes scleren- 



Fig. 70 .— Transverse Section of a Younq Dicotyledonous Root with 
Tetrarcii Stele. 


chymatous, tissue, which may simply be called the pith, 
although, as explained above, it may consist largely, or in 
many cases entirely, of conjunctive tissue, 







THE BOOT OF THE ANOIOSPEBM. 


123 


The vascular cylinder is surrounded by two special 
layers of cells. The inner layer consists of parenchy- 
matous cells with protoplasmic contents, and is the peri- 
cycle. It is the outermost layer of Conjunctive tissue 
(cf. the stem). In the roots of Angiosperms it is usually 
a single layer. The outer of the two layers is the 
endodermis or bundle- 


sheath, and is the inner- 
most layer of cortical 
tissue developed from 
the periblem (cf. stem). 
Its cells in transverse 
section are four-sided, 
and slightly elongated 
tangentially. 

In the typical endo- 
dermis the radial walls 
of the cells are cutin- 
ised and have a wavy, 
uneven character, so 
that, as seen under the 
microscope, they appear 
less definite and some- 
what darker than the 



others (Fig. 79). There 
are no spaces between 
the endodermal cells. 


Fig. 80. — ^Transverse Section of the Central 
Part of the Root of Iris, showing' the 
Polya Roii Stele. 


While, therefore, the endodermis permits the diffusion of 
liquids it forms an airtight membrane, which prevents 
the passage of air from the cortical tissue to the central 
cylinder. Behind the absorbing region of the root the 
walls of the endodermal cells, more especially the radial 
and inner walls, are often strongly thickened and cutinised 
(Fig. 80). 

Outside the endodermis lies the parenchymatous cortical 
tissue. The outermost layer of the root is called the 
piliferous layer, or epiblema. These terms are used 
instead of epidermis, because, as we have seen, this outer- 
most layer has not a constant morphological value, — 
sometimes being a true epidermis (Dicotyledons generally). 
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sometimes the specialised outermost layer of the cortical 
tissue (Monocotyledons generally). Sometimes the layer 
internal to the epU>lema consists of large cells, or is other- 
wise distinguished ; it is called the exodermis, 

§ 9. The vascular cylinder in roots was formerly regarded as a 
compound vascular bundle, and described as a radial vascular 
bundle^ because the xylem forms a number of rays with alternating 
groups or patches of phloem. It was placed on a level with, and 
compared with, the collateral bundle of the stem. This mdial 
arrangement of vascular tissue is characteristic of roots ; but we 
have now to recognise that the vascular cylinder of the root is a 
stele, containing a number of bundles (in addition to conjunctive 
tissue), and is, therefore, comparable, not to a single collateral 
bundle, but to the whole stelar system of the stem. 


§ 10. Monocotyledonous and Dicotyledonons Boots. 

— While in monocotyledonous and young dicotyledonous 
roots the general arrangement^ as described, is the same, 
there are several very characteristic points of difference : — 

(a) In Bicotyledons (Figs. 79, 81, 82) the number of 
xylem bundles tmially varies from Wo to five, although 
there may be more than five. In Monocotyledons, while a 
limited number — about five to eight — is sometimes found 
{e,g, root of Leek), there are usually many more than this 
— ^as many as twelve to twenty {e.g. roots of Iris, or Maize, 
Fig. .80). Where there are only two xylem (and two 
phloem) bundles, the stele is described as diarch ; where 
three, triarch \ four, tetrarch; &ve, pentarch; many, poly- 
arch. 

(h) In both Dicotyledons and Monocotyledons the 
differentiation ^Sf procambial tissue is complete \ but, in 
most Dicotyledons, a cambium, and later a phellogen, arise 
*as secondary meristems, and secondary growth takes place; 
in these the structure above described is only the primary 
structure. In Monocotyledons there is no secondary 
growth, and the same structure can be recognised in all 
the fully developed regions df the root. 

(c) In Monocotyledons the pitted vessels ai*e large and 
nearly circular in Wnsverse section ; in Dicotvledons they 
are usually much smaller, and more or less polygonal. 
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§ 11. Secondary Growth in the Dicotyledon (Figs. 
81-83). — When secondary growth is about to begin, cer- 
tain conjunctive cells lying on the inner side of each 
phloem bundle become meristematic (Figs. 81, 82). Thus 
strips of cambiunii equal in number to the phloem 
bundles, make their appearance. These gradually extend 
outwards between the xylem and phloem bundles, owing 
to more of the conjunctive imrenchymatous cells becoming 
meristematic. 



Fig. SI.— TiiANsvEHSK Section of Tina Diakch Stele of ▲ 
Dicotyledonous Boot. 

The origiD of the Carabinm is sliown. 

The curved strips of cambium thus produced come into 
contact with the pericycle on each side of the protoxylem. 
These pericycle-cells now become meristematic, and, in 
this way, the cambium strips are united and become con- 
tinuous round the tips of the protoxylem groups. Thus 
a continuous wavy band of cambium is formed, running 
internal to the phloem bundles external to the xylem. It 
should be recognised that this cambium is entirely a 
secondary meristem, arising partly from parenchymatous 
cells between xylem and phloem, partly from the pericycle. 
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The cambium-cells divide exactly as in the stem. The 
secondary acylem (Fig. 83) is laid down around the 
pith (if present) •and the primary xyleni bundles. The 
secondary phloem is formed outside the cambium, and, 
together with the primary phloem and other tissues, is 
gradually thrust outwards as the cambium adds to the 
secondary xyleni. The cambium-cells on the inner side of 
each primary phloem bundle are the most active, and, owing 



Pig. 82.— TuANsVKiiSK Skctiov of Tuiabch Stele of Root of Elder. 
(Sticuudury giowth is begiuuing.) 


to this, the cambium-layer as a whole, which was at first a 
wavy band (in transverse section), soon becomes circular. 

The cambium- cells lying just outside the primary xylem 
bundles, instead of giving rise to secondary wood and 
phloem, usually produce strands of parenchyma — the main 
(also called primary) medtillary mys— radiating outwards 
through the secondary wood and phloem from the tips of 
the protoxylem groups. If a very compact secondary wood 
is formed, it may be difficult to detect the primary xylem 
bundles, or the main medullary rays. Small secondary 
medullary rays also are formed from the cambium-cells. 
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If the primary structure and the subsequent develop- 
ment be borne in mind, it is evident that the primary 
phloem bundles should be found just outside the secondary 
phloem on radii alternating with the primary xylem 
bundles ; but, frequently, as in the stem, they are more or 
less disorganised and mixed with the secondary phloem. 



— CORK 
‘-•PHELLOGEN 
' SECONDARY 
PHLOEM 

\ SECONDARY 
/ XYLEM 

PRIMARY 

XYLEM 


l:oJ 

MED. RAY 

.9 


I CAMBIUM 


PR. PHLOEM 


Fig. SS.—Transvkusk Skction of Dicotylkdonous Root after 
Skcondauy Growth. 


(Diagramiuatic.) 


If there is any considerable secondary growth, the 
pericycle, sooner or later, becomes completely meristematic, 
and forms a phellogen, or corJc-cambiwn (a secondary 
meristem). This phellogen produces cork externally, and 
usually also, internally, a considerable amount of phello- 
derm (as in most deep-seated phellogens). Lenticels may 
be developed. The endodermis and cortical tissue die, and 
are given off as hark. It is comparatively rarely in roots 
that the phellogen has a superficial origin. 


§ 12. Anomalous Secondary Growth.— In the roots of a few 
Dicotyledons the first cambium ring after a time becomes inactive, 
and a new cambium arises in the pericycle or in the phelloderm. 
This in its turn, after producing a ring of xylem and phloem^. 
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similarly replaced. In this way a series of concentric rings, con- 
sisting of Secondary xvlem and phloem, is formed in the root. This 
can easily be observed in the root of the Beet. 

4 

§ 13. Development of Lateral Rootlets (Fig. 84). — 
Normal root-branches are usually developed, in Angio- 
sperms, entirely from the pericycle. The cortical tissue of 
the parent-root takes no part in the formation of the tissues 
of the lateral branch. This development from a deep- 
seated layer is called endogenonSi 



* PERICYCLE 


/ 

ENDODERMIS 

Fig. 84.— TiuNsvsiisE Section of a Dicotyledonous Hoot (with Diabch 
Stele), showing the Develoi'ment of a Lateral Bootlet. 


The development begins some little distance behind the 
apex of the parent-root, but before secondary growth has 
set in. The young lateral roots generally make their 
appearance in the pericycle just outside the protoxylem 
' groups, so thajt^he number of longitudinal rows of lateral 
roots usually corresponds to the number of xylem bundles 
in the stele. Thus, if there are four xylem bundles, there 
will usually be four longitudinal rows of normal lateral 
branches. 

When development begins, the cells of the pericycle 
divide, i.c. become meristematic, and produce a growing* 
point, which soon shows a distinction into dermatogen, 
periblem, and plerome. The young branch*root gradually 
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elongates, boring its way through the overlying cortical 
tissue till it reaches the surface of the parent-root. At 
first the endodermis and, it may be, on^ or two layers of 
cortical cells form a sort of cap over the apex of the 
developing rootlet. This is known as the “ digestive sac " 
because it secretes a ferment which disorganises or digests 
the walls of the overlying cells and so enables the young 
root to reach the surface. The structure of the lateral 
root is identical with that of the parent-root. 

In Dicotyledons it is evident, considering the points at 
which the rootlets are developed, that after secondary 
growth has begun they will be seen (in a transverse 
section) radiating out from the tips of the primary xylem 
bundles, and therefore running as it were through the 
main medullary rays. 

Adventitious Roots are developed similarly. If they are 
developed from the stem, they originate in the pericyole of the 
stem. 

§ 14. Szoeptional Cases. — Not uncommonly lateral rootlets are 
developed from the pericycle opposite the phloem bundles, e,g, in 
many Grasses where the pericycle is wanting opposite the pro- 
toxylem, and in many Umhellifera) where an oil-duct lies in the 
pericyole opposite each protoxylem group. Often when the stele is 
diaroh there are four rows of lateral rootlets, two being developed 
opposite the phloem. 

§ 15. Secondary Growth in Monocotyledons.— Exceptional 
secondary growth is found in the roots of a few monocotyledonous 
plants — Draosena, Yucca, etc. The meristem-ring originates as a 
secondary meristem either in the pericyole or in the cortical tissue, 
or partly in one, partly in the other. There is also cork-formation, 
the phellogen originating in the superficial cortical tissue beneath 
the epiblema. There are a few other monocotyledonous plants in 
which a similar formation of cork occurs in the root, although there 
is no secondary formation of vascular tissue (e.p. in the Iris). 

§ 16. Funcitions of the Pericycle. — The pericycle is 
an important layer in the root, and the functions dis- 
charged by it should be carefully noted. Its cells have a 
great capacity for remaining or becoming meristematic. 
In both Monocotyledons and Dicotyledons, as we have 
bot. 9 
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seen, lateral roots originate in this layet, and, in most 
Dicotyledons, it helps in the formation of the cambium- 
layer, and iaW g?yes origin to the phellogen. 

§ 17. Transition from Boot to Stem — the Hypocotyl 

(p. 65 ). — We have already stated that the vascular system 
is continuous in root and stem. It is evident that the 
transition from the arrangement characteristic of the root 
to that characteristic of the stem is effected in that region 
of the axis which lies between typical stem and typical 
root. This re^on is the hypocotyl. 

The transition is effect^ in different ways ; but^ m 
many cases, if we trace the vascular tissue from the root 
to the hypocotyl, we find that each xylem and phloem 
bundle divides radially into two. These xylem and phloem 
bundles fuse in pairs to form the conjoint bundles passing 
up into the stem. In this process the phloeiff bundles 
practically retain their position with the protophlpem 
towards the exterior, but the xylem bundles twist round 
so that they lie on the inner side of the phloem bundles 
with the protoxylem internal. In such cases there is the 
same number of conjoint bundles in the stem as there 'are 
xylem and phloem bundles in the root. 



CHAPTER VI. 

THE LEAF OF THE AHGIOSPEEM. 
A. External Characters. 


§ 1. Parts of the Zieaf (Fig. 85). — ^A leaf is a natural 
outgrowth on a stem, and arises as a morphologically dis- 
similar member. A foliage leaf consists typically of three 
— (a) the vagina or leaf- 
(5) the petiole or stalk ; 

(c) the lamina or blade. 

The lamina is the part of the leaf 
which is chiefly concerned in the 
process of carbon-assimilation. It 
IS usually thin and membranous; 
but dn plants which have, for various 
reasons, to reduce transpiration and 
economise their water-supply, the 
leaf surface may be much reduced 
and the leaves become cylindrical 
(Onion), stiff and pointed (Oorse), 
or, if water is stored up, fleshy and 
succulent (Stonecrop). Occasionally 
the lamina is wanting altogether, as 
in many scale leaves and in phyl- 
lodes (p. 147). 

The is typically cylindri-* 

cal structure, but its upper surface is usually somewhat 
flattened, and, in many leaves, if grooved or channelled at 
the base, forming a sort of gutter which serves to draw off 
water from the leaf. Occadonally the petiole is expanded 
latera.lly into a membrane or wing (Fig. 99). The main 
function of tiie petiole is to raise the lamina,, and expose 



it as 


as: pdssible to suitable illumination^ 
131 . • 
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It is absent in most Monocotyledons and also in many 
Dicotyledons. 

The leaf -base (may be regarded as the flattened base of 
the petiole. In many leaves it is poorly developed, but 
frequently it forms a sheath round the stem. In Grasses 
the sheath is long and tubular and supports the base of the 
internode (Fig. 86, e). Occasionally the leaf -base becomes 
thick and fleshy, and forms an irritable cushion of tissue 
(the pulvinus), which reacts to various external stimuli. 
Owing to this the leaf can alter its position and is protected 
from various injurious influences. In many Dicotyledons, 
rarely in Monocotyledons, the leaf -base bears a pair of out- 
growths called stipules, representing a development of its 
membrane or wing (Fig. 86, b). 

§ 2. Various Types of Leaf Structure.— The forms 
of leaves are innumerable in correlation with the diverse 
functions they perform. Several well-marked types, how- 
ever, are of general occurrence amongst the Angiosperms. 
They are as follows : — 

(а) Cotyledons. — ^These have already been discussed. 
If they come above ground as the first assimilating leaves 
of the plant, they are much simpler in form than the foliage 
leaves developed later. 

(б) Scale Leaves (CatapJiylls ). — Topically these are 
small, brown, membranous leaves devoid of chlorophyll. 
They are developed on many underground stems (e,g. 
rhizomes), and form the protective scales of . many buds 
(Fig. 46, b). Their function is usually protective. They 
may serve to protect buds that are developed in their axils, 
or, in the cape of bud-scales, they protect the inner unde- 

..veloped foliage leaves of the bud. In most cases they re- 
^res^ leaf-bases, petiole and lamina being absent, e,g. on. 
'^any rhizomes, and in buds of Horse Chestnut and Syca- 
; more ; but bud-scales maybe the stipules of. foliage leaves 
(Alder), or the stipules of s^es (Beech and Oak) or rudi- 
mentary laminae (Lilac) The nature of bud-sioales can 
be made out by examining the opening buds in Spring. 
Sometimes scale leaves function as reservoirs of storage 
material, as in many bulbs. . 
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(c) Foliage Leaves. — These are the ordina:^ green 

leaves. They are the chief assimilating, respiring, and 
transpiring organs of the plant (p. 15)# Chlorophyll is 
present because it is an essential factor in the assimilation 
of carbon. ' 

(d) Bracts and Floral Leaves. — ^These are the* spe- 
cialised leaves borne on the reproductive shoots (floral 

, region of the plant). They will be fully considered in con- 
nection with the Flower (Chapter IX.). 

In §§ 3 to 15 we shall consider more especially the 
characters of ordinary foliage leaves.* 

§ 3. General Descriptive Terms. — If the leaf -base is winged 
and forms a sort of sheath clasping the stem half round at the 
insertion of the leaf, the leaf is said to be semi-amplezicaul ; if it 
clasps completely round, amplezicanl (Fig. 86, d). If the petiole 
is present, the leaf is petiolaie or stalked ; if absent, sessile. 
The leaf is peltate if the petiole is attached to its lower surface and 
not to its basal margin (e,g. Garden Nasturtium — Fig. 86, a). In 
semle leaves, if the winged leaf-base (continuous with the lamina) 
clasps round the stem, the leaf is anriculate (Fig. 87, b) ; if it 
fuses on the other side of the stem so that the stem seems to have 
grown up through the leaf, perfoliate (Fig. 87, a). If there are 
two opposite leaves at the node, and their membranous bases fuse 
round the stem, they are said to bo connate (Fig. 87, c). If in a 
leaf the membrane runs vertically down the stem for some distance, 
the leaf is deourrent (Fig. 86, c). In Grasses a ligulo (see p. 60) 
is developed on the base of the lamina, and the leaf is said to be 
liffulate (Fig. 86, e). 

A leaf is stipulate or ezstipulate according as stipules are 
present or absent. Stipules vary much in position, colour, size, 
and form. Sometimes they are large, green, and leafy (Fig. 88, b), 
showing the same development as an ordinary lamina (e.y. in the 
Pansy) ; in this case they help in the work of carbon-assimilation. 
When the stipules are dry, small, pale, and membranous they are 
usually funotionlcss. In some winter buds {e,g. in the Alder), as 
already stated, they form the outer protective scales which fall off 
as the leaves expand. Occasionally the stipules are modified into 
spines (i?o&mta^se 2 £dacacta) or tendrils (Smilax). 

Various kinds of stipules are reoo^ised. If they run up the base 
of the petiole for some distance, niey are called petiolar (Rose — 
Fig. 88, A). Where there is only one leaf at the node, if they run 


* that is ^ven in §§ 3-16 is intended for referenoe only ; 

familiarity with the descriptive terms can only be gradually ac- 
quired by practical wotk. 



THB LEAF OF THE ANCFlOSPESM. 


1 ^ 


round to the. other side of the stem and fuse there, an oppoaite 
.stipule is formed ; if their inner margins cohere between the leaf 
and stem,, an aac^qry stipule is formed ; if they cohere in both 
ways, a tubular sheath called an oclirea (Fig. 89) is formed round 



Fig. 86 .— Forms, rtc., op Lsaves. 

'A, Peltate leaf of Gai^en Nasturtium ; E, Ligulate leaf of s Grass. 
(Haulm = Culm, p. 77.) 



Fig. 87.— A, Pebpduatb Leaf; B, Aubioulats Leaf; 0, CoNKAtm Leaves. 

the base of the internode (this is oharacteristip of plants belonginig 
to the Order Folygonaoe»). {SoiQ^Mines the stipules of oppt^tS 
leaves (two at a node) fuse on eapH side lorm.,tn^er^ 
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§ 4. Iniertion of the £eaf. — ^The point at which the leaf -base 
joins the stem is called the irmrtion of the leaf; Leaves are 



Fig. 88.— A, Compound Leaf of Rose with Pbtioi.ar Stipules ; B, Part of 
Flowering Shoot of Pea, showing Compound Leaf in which the Upper 
Leaflets are modified into a Tendril, 


described as caMne. or ramdl according as 
they are developed on the main stem or on. 
the branches. Leaves developed on very 
short “reduced” stems (p. 88) so that they 
appetvt to come off from the root are called 
radical leaves (e,g. Dandelion, Daisy, Prim- 
rose). 



SHEATH 


NODE 


§ 5. Fhyllotaads (the arrangement 
of leaves on a stem).— Two kii^ds of 
phyllotaxis are recognised : — (a) Spiral, 

(fi) 03^1ic or whoHed, . In spiral phyl- 
lotaxis the leaves are developed one at 
each node, and are said to be alternate 
(Eig. 46, a). It is spoken of as the 
s||iral ajmngement, because, if an . ima- 
gmaxy Hnewere supposed to pass through the bases of th© 


STEM 


Fig. 89.— Leaf and 
Portion of Stem 
OF Polygtmum, 
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leaves in the order of their development, it would describe 
a spiral round the stem. In cyclic phyllotaxis two or 
more leaves forn^ing a whorl (p. 80 ) are developed at 
each node ; if two, the leaves are opposite ; if more, 
▼erticillate. If in any one whorl the opposite leaves are 
placed immediately above those in the whorl below, so 
that there are only two rows of leaves on the stem, they 
are said to be opposite and superposed. Usually, how- 
ever, they are placed at right angles, so that there are 
four rows of leaves ; this is the opposite decussate ar- 
rangement. 

The following facts with regard to phyllotaxis are interesting. In 

S piral phyllotaxis the imaginary spiral line, following the order of 
evelopment of the leaves, is called the genetic spiral. The angle 
of circumference between any one leaf and the next in order above 
i^ in other words, the angle between the two verticxd planes passing 
through these two leaves, is the angle of divergence. Thus, 
suppose the alternate leaves are arranged in two opposite vertical 
rows (as in grasses). Evidently the divergence, or circumferential 
distance between any two leaves taken in order, is J, i,e» the angle 
of divergence is 18()®. The two vertical rows of loaves are called 
orthosticliies. 

^ Again, suppose, calling a particular leaf No. 1, you pass through 
^e leaves before coming to one. No. 6, lying immediately above 
No, 1, and that to' reach No. 6 you have passed twice round the 
stem. Evidently the divergence is represented by | (the wliole 
circumferential^ distance divided by the number of leaves), and 
the angle of divergence is 144®. The whole course gone through 
from leaf 1 to leaf 6 constitutes & cycle. There are five rows of 
leaves or orthosticliies.^ Thus to find the divergence simply divide 
the _ number of turns in a cycle by the number of leaves passed 
on the way or by the number of orthostichies. ‘ For example, in 
a divergence of 4, it is leaf No. 4 which lies above No. 1, and 
Only one turn of ^he circumference is gone through ; there ai*e 
three orthostichieil. 

The divergences common in plants may be arranged in two 
series :~(a) I i, §, A . . (6) j, f . The 

Stuart should notice the peculiar relation existing between the 
members in each series. E^h fraction may ^ got by adding 
the numerators and denominators of the two preceding ones. 
Thus the series are easily remembered. The first series is the 
more important. 

In oyclio plwllotaxis there is probably a number of genetic spirals 
running round the stem ; thus, in the opposite decussate arrange- 
mmt, two with a divergence of 
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§ 6. Venation. — Tlie vascular bundles which pass into 
each leaf from the stem branch out in the lamina, and 
form the veins of the leaf. The veins «not only convey 
watery solutions absorbed by the roots to the various parts 
of the leaf, and collect the elaborated products, but they 
also have an important function in giving strength and 
support to the lamina, whose flattened form is an adapta- 
tion to the conditions of carbon-assimilation. 

If the lamina is comparatively thin and membranous, 
we can recognise one or a number of chief veins as they 
give rise to projecting ridges or ribs on the under surface. 
But between these there are innumerable small veinlets 
running through the ground-tissue of the leaf and forming 
no projecting ridges. The character of the venation, i.e, the 
arrangement or appearance pre- 
sented by the veins, depends 
chiefly on the number of promi- 
nent veins or ribs and the ar- 
rangement of the smaller veins 
or veinlets. 

Two chief types are recog- 
nised in Angiosperms ; — (I) 

Betionlate venation, charac- 
teristic of dicotyledonous leaves, 
though occurring also in a few 
Monocotyledons ; (11) pari^lel 
venation, found in Monoco- 
tyledons only. In reticulate 
venation the veinlets between 
the larger veins run together pjg, oo.— pahallkl venation. 
irregularly to form a network a, unioostate; b, Muiticostate. 
(Fig. 86, a). In parallel vena- 
tion the lai^er veins or the veinlets all run more or less 
parallel; no irregular network is formed (Fig. 90). 

In both types the venation may be nnicostate or 
mnlticostate; according as there is one chief vein (forming 
the midrib) or a huml^r of chief veins. The former is 
also spoken of as the feather or pinnate type of venation. 
In multicostate venation the large veins may be divergent 
or as they run towards the apex. 
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I. BBTIOVXATS VBVATXOV. ; 

^ . /I. Unioostate (feathened or pinnately veined), Fig. 85. 

\ 2 . lCiilti<jostato : 

(a) D^Lvergeiit (radiately or palmately veined), 
Fig. 91. 

(5) Convergeiit (not common). 

II. PARALLEL VEEATIOK. 

TK Uaioostate (feathered, pinnate or curved-veined), 

<1 Banana and Fig. 90, A. 

[2. Mnlticoatate (straight-veined) : 

(a) HiTergeat s Many Palms. 

{b) Convergent s Grasses, Lilies, Fig. 90, B. 

The arrangement of veins in a leaf- blade may be reg^ed as 

a branch-system. Thus the 
unioostate type is clearly 
a racemose Dranoh-system ; 
while the multicostate type 
is a oymose branch-system, 
in which the median rib of 
the series (a. Fig. 91) repre- 
sents the parent-axis, and 
those to the side (6, c, d) 
a number of daughter-axes 
as stronely or almost as 
strongly developed. 

§ 7. Simple and Com- 
ponnd Leaves. — ^The 

laming depends 
chiefly on the extent to which its membrane is developed 
between ihe branches of the vascular system. Sometimes 
it is completely developed, and the margin of the lamina 
*^is entire (Pig^^6, b). XJsually, however, it is not com- 
pletely developed. The extent to which it is incomplete 
varies immensely. Sometimes there are only small irregu- 
larities or cuttings of the margin, as in Figs. 85, 93 a; 
frequently larger indentations called ittcmons are produced 
between the chief veins or branches. 

When iflie Tnng or membrane ii^ hot developed at all 
b^ween the branches, the leaves aie All other 

leaves, in which the membrane is present to soine extent^ 
Howeyer little, between the brahcl^f are sm^e lea/v^^ 
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A eompoimd leaf is one in which the lamina is broken 
up into a number of separate parts called leaflets, articu- 
lated at one point, or borne on a common stalk or rachis. 
A simple leaf is one in which the lamina is not split up 
into distinct leaflets. The leaflets of compound leaves in 
many respects resemble simple l^ves. 

In the case of trees large leaves are frequently much divided or 
compound. The significance of this is partly that the leaves are 
thus protected from mechanical injury, more especially from the 
destructive action of wind. This can be recognised by observing 
the leaves of such trees as the Horse Chestnut, Ash, and Rowan * 
during a storm. But, apart from this, the subdivision of the lamina 
also prevents oversh^ing of the lower leaves borne on the plant. 
This is probably the chief reason why large leaves borne on many 
herbaceous plants are much divided or compound. 

The leaves of aquatic plants are often much divided. The reason 
in this case is partly that the leaves are thus preserved from risk of 
mechamcal injury ; but the chief reason is that, being much divided, 
the leaves present as large a surface as possible to the water, and 
are therefore able to carry on more efficiently the processes of 
respiration and carbon-assimilation. 

§ 8. Outline of the Lamina. — Many terms are in use to 
describe the simpler forms of outline presented by simple 
leayes or the leaflets of compound leaves. Only those most 
frequently used are given below. 

A leaf is snhnlate (Fig. 92, a) when it is narrow, firm, and hard, 
and gradually tapers from base to apex, ending in a sharp point, as in ' 
the Gwse ; acioular, if it is elongated and sharo-pointed, yfith dis- 
tinct edges (Fig. 92, b) ; linear, if elongated, flattened, and mem- 
branous, with parallel margins as in Grasses (Fig. 92, c) ; lanceolate, 
if elongated and gradually tapering towards base and apex (Fig. 
92, D) ; ovali or elliptical, if relatively shorter and broader, taper- 
ing towards base and apex (Fig. 85) ; oblong, if of much the same 
length, and breadth, but rounded at base and apex (Fig. 92, E) ; 
orbicular, sub-rotund, or rounded, if it approximates towards the 
circular (Fig. 86, a) ; ovate, if rounded ott towards the base and 
pointed towards the apex (Fig. 86, b) ; obovate, if the reverse (Fig. 
92, G) ; cordate^ or heart-shaped if pointed at apex and notched at 
the where toe petiole is attached (Fig. 92, f) ; obcordate, if 
notched at apex aha tapering towards the petiole at the base (Fig. 
92, B) ; rcidform, or kidney- toaped,. if notched at the base, more 
or leb elongated transversely, ana rounded at the af^x (Fig. 93, a) ; 
i^tbulate, if wide and rounded at the apex and g^ua% nmow« 
ihg towards the base (Bg. 93, b) ; ciiiiicalwi, or wedge-shaped, if 
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similar to the spathulate form, but with a more or less acute or 
drawn-out apex (Fig. 95, a) ; sagittate, if shaped like an arrow- 
head, with the two basal lobes directed backwards (Fig. 93, c) ; 



Fig. 92.— Outlines, etc., of Leaves. 

A, Subulate ; B, Aoicular ; 0, Linear ; D, Ijanceolate ; R, Oblong ; F, Cordate ; 
G, Obovate ; II, Obcot^te. In R and G tlie apex is rounded or obtuse ; in 
F, acuminate ; in JI, retuse. 



Pig. 93 .'^Outli^ of Leaves. 


liastate, or halbert-shaped, if the two basal lobes are dir^t^ out- 
wards (Fig. 93, d). Sometimes the two halves of a leaf are not 
equally developed (e.j/. in the lime). - Such l^ve^ are oblige. 
They would be describe as obliquely cordate, obliquely ovate, etc. 
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Sometimes the outline is best indicated by a combination of the 
above terms; thus orata-lanoeolate, etc. 

§ 9. The margin of a leaf or leaflet is eiltire if it is perfectly 
even and shows no irregularities (Fig. 92) ; serrate, if it shows a 
number of sharp processes directed forward towards the apex (Fie. 
88, a) ; dentate, or toothed, if these processes project outwards 
and are not directed forwards (Fig. 96, c) ; orenate, if the pro- 
cesses are rounded (Fig. 93, a) ; hiserrate, bidentate, bicrenate. 



if the processes themselves bear smaller secondary processes of the 
same kind; epiny, if the margin bears a number of hard, spin^ 
processes resembling prickles (e.y. Holly); crisped; or ctirlea, u 
very wavv and irregular, as in the Endive ; sinuate, if the margin 
is more deeply indented, as in the Oak (Fig. 94, d). The sinuate 
margin forms a transition to the deeper cuttings of the margin, 
>fhimi are called incisions (8 12). 
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§ 10. Tlte apwc of a or leaflet may be ronsfled (or obtose 
-Fig.92,»; if it opmes to a point, it is acute (Figs. 92 o, 88 a) ; 
if slender and very much drawn out, acuminate (Fig. 05, a) ; if it 
seems to have been out across, truncate ; if it bears a distiwA minute, 

S binted process, mucronate (Fig. 94, f); if there is a rounded 
epression at the apex, retuee (Fig. 94, a) ; if the depression is 
sharp, emarginate. , 



Fig. 95 .->Inci8ion or Lamina. 

Multifoliate palnu^S oompoiind leaf ; B, Falmatisect leaf ; 0, Falxnatipartite 
, leaf ; D, Temate oompoimd leaf, 

§ 11. V^ire.— The leaf ma;^ be hairy. If the margin of tlie leaf . 
bears a fringe of fine hairs, it is desoriblra as oiliate. 

§ 12. Zi^eifiion of the a e leaf , 

the incisions do hot pass hal&way down to the midrib,, th^ 
leaf is pinhatifid (Mg. 94, b) ; if rather more than half- 
way, pinnatipa^te (Fig, 94, c) | if to themidbrib^^ 
j^tthtieeot (Fig:^^9^ b). Coibe^nd^ to th^ simpEs 
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leaves, tre have, where the inc^ion is complete, the com- 
pound leaf of the pinnate type (Fig. 94, a). Similarly, 
where the venation is multicostate, we mayjbave palmatifld 
(Fig. 91), palmatipartite (Fig. 95, c), or palmatisect 
(Fig. 95, b) simple leaves ; and the corresponding com- 
pound leaf is Of the palmate type (Fig. 95, a). 



Fig. 96 ~Forms of Lravbs. 

In 0 the numbers indicate the branching. 


The terhis pinnati-fid, -partite, -sect, palmatirfid, -partite, -sect 
are also applied to leaflets of compound leaves. If the divisions 
of a, simple leaf are a^ain incised, the terms M-pinuatifid, etc., 
are used; or a pinnatipartite leaf may have divisions which are 
pinnatifid, etc. 

When a unioostate leaf is incised in such a way that there is a 
large rounded terminal division with others which become ^^adually 
smaller towards the bas^the leaf is said to be lyrate (Fig. 96, a). 
A x^oiilate leaf (e,p. Dandelion, Fig. 96, b) is a pinnatifld leaf in 
which there is a large pointed terminm lobe, and the apices of the 
smaller lobes behind are directed backwards. In a multicostata 
leaf,' where, as already indicated, the, bnmchihg is of the oymose 
type, only daughter-bnmohes of the first order, as a rulej are given 
on in a py those fashion," as in Fig. 91 ; but occasipnally these may 
branch oymosely, as in Fig. .90> d This is known as a pedate 
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§ IS. Compound LeaTOs.— Often a compound leaf is 
mistaken bj beginners for a stem bearing leaves. The 
following points^f difference should be carefully noticed :— 

(a) a compound leaf has no apical bud or growing-point ; 

(b) it has a bud in its axil, and does hot arise in the axil < 
of a leaf ; (c) it may have stipules, or an expanded sheath 
at the base ; (d) the apparent leaves (really leaflets) have 
no axillaiy buds. 

There are certain special terms used in the description of com- 
pound l^ves to which we must now refer. In the pinnate leaf the 
leaflets are home on the common rachis or axis. Usually the 
leaflets are arranged in pairs, the leaflets of each pair being opposite 
each other. If an unpaired terminal leaflet is present, uie leaf is 



described as imparipinnate (Fig. 88 , a) ; if no terminal leaflet is 
present, so that the number of leaflets is even, the leaf is pari- 
pinnate (Fig. 94, ». If there is only one pair of leaflets, the leaf 
, is unijugate (Fig. 94, r) ; if two, bijugate (Fig, 88, a), etc. Some- 
'^^imes pairs of l^ge leaflets alternate with pairs of small leaflets. 
Such a leaf is said to be interruptedly pinnate. The leaflets them- 
selves may be completely incised. Here the secondary leaflets 
formed are called pfnnnles, and the leaf is said to be bipinnate , 
(Fig. 97). If these again are completely incised, the leaf is tri- 
pinnate. Usually, however, the upper leaflets in a bipinnate or 
tripinnate leaf are incompletely incised, and either pinnatifid or 
pinnatipartite. 

la a palmate compound leaf the leaflets come off at the sAme 
point. If there are two leaflets, the. leaf is h^fdiatey or UncUe ; if 
three, trifoliate^ or temate (Fig. Q5» p), and soon ; if a large number, 
muUifbliajle (Fig. 95, a). The temate leaf resembles the impe^: 
pinnate unijugate leaf. Usually leaves with three leaflets are 
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regarded as temate, except where, as in Fig. d4, f, the secondary 
|>etioles come off at different pointe. Fig. 98 shows a biternate 

In the Orange there is a peculiar com- 
pound leaf, bearing only one leaflet. This 
is recognised as a compound leaf by the 
fact that the expanded lamina is distinctly 
articulated to the winged petiole (Fig. 99). 

§ 14. Texture and Duration of 
Leaves. — ^The texture and. duration 
of leaves depend largely on the nature 
of the environment and the adapta- 
tion of the plant. Shade- and mois- 
ture-loving plants have thin leaves 
’ with poorly developed epidermis. 

Sun-plants and plants living in dry 
conditions, in which there is often 
a risk of excessive transpiration, 
usually have firmer and thicker leaves with well-developed 
cuticle. This condition is very marked in the leaves of 
manyr tropical plants which are exposed to strong sunlight, 
and in evergreen plants in temperate regions, in which 
transpiration must be reduced to a minimum during the 
winter season. 

Leaves which ore thin and membranous are described as herb^ 
aceovs. Firm, thick leaves are called coriticeoua. Some are succulent 
and fleshy, 'The loaves are cuduc<m8 if they fall off very early ; 
deciduom, if they fall at the end of each season ; persistent, if they 
remain on the plant for more than one season. Plants with per- 
sistent foliage leaves are evergreens, 

§ 15. Prefoliaiiou.— The form and arrangement of the young 
leaves in the bud condition, for which the term prefoliation is used, 
show a beautiful regard for econdmy of space. Prefoliation includes 
(a) Ptyxis, or the form of the young leaves in the bvd, i,e, the way 
in which they are folded or rolled on themselves ; (6) Vernation, or 
the relation between the different leaves in the bud, i.e. the mahher in 
which they are arranged with regard to each other. These points 
may be determined either by removing the leaves of a bud one by 
one, or, better, W taking cross-sections of the bud. In flower-buds 
we speak of praaoratlon, including ptyzig and mtivation.* 


^ * The terms vernation and prefoliation, sestivation and preflora^ 
tioB, are variouifiy jis^ by dimirent writers. 

BOT. ' 10 
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(a) Ptyid« of the Leaf (Fig. 1(X)). — It is ^ne, if there is no 
folding or rolling at all; conidt^licate. if the right half is folded 
over on the left ; plaited^ or plkcUe^ if there are numerous longi- 



CONDUPLICATE 



PLICATE CIRCINATE CONVOLUTE 



REVOLUTE INVOLUTE 


Fig. 100.— Ptyxib of Leavks. 

The diograina x^preseut transvene Bectionn of tlie 
yonng leaves, except those of i-eclinate and 
circinate ptjxis, which are longitudinal. 


tudinal folds ; crwmpled^ if folded in all directions ; eonvolutCy if 
rolled from one margin to the other ; involute, if rolled from both 
margins to the miodle of the upper surface ; revolvie, if rolled 



EQUITANT 


similarly to the middle of the lower surface ; circiiuxte, if rolled up 
from apex to base. 

(&) Vematloii (Fig. 101) is if the young leaves touch 

each other laterally, but do not. overlap ; imbriceUef if^some overlap 
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others, but not regularly ; twiatedt or contortedf if one margin of 
each leaf is directed inwards, and is overlapped, while the other 
margin is directed outwards, and overlaps the »argin of the adja- . 
cent leaf. 

: U ^ 

§ 16. Special Adaptations of Leaf Structure. — 

Many striking modifications of foliage leaves have arisen 
in adaptation to special conditions. 

(a) Leaf Tendrils. — Leaves or parts of leaves fre- 
quently have the form of tendrils (p. 83). Thus in the 
Pea the tendrils represent the leaflets of a compound leaf 
(Fig. 88, b). In some species of Pea, e.g. Lathyrus 
apTiaca, all the leaflets are specialised in this way, and the 
functions of the foliage leaf are taken on by the stipules, 
which are large and green. The stipules may be modified 
into tendrils, as in Smilax. 

(b) Leaf Spines. — Leaves or parts of leaves may take 
on the form of spines. In many cases this modification 
must be regarded as primarily due to the necessity for 
cutting down transpiration, but spines also serve as pro- 
tective organs. The whole leaf may be thus modified, as in the 
Barberry, where the spines are branched. In the Barberry 
interme^ate forms between foliage leaves and spines are 
often found. In the Grorse the leaves as well as the 
branches are modified into spines. The young seedling 
Q-orse bears trifoliate leaves. In the Holly and Spear 
Thistle the spines are outgrowths of the leaf-margin. In 
Eohinia pseudacacia the stipules are spiny. In the Goose- 
berry the spines are developed on the leaf -base. 

(c) Phyllodes. — In some Austi^ian Acacias the lamina 
of the leaf is absent, while the petiole develops a wing and 
takes on the appearance and functions of a lamina.. These 
flattened petioles are called phyllodee and are an adaptation 
to dry conditions. They are vertically expanded, with 
siMaces right and left, instead of horii^ontal as in ordinary 
bifacial leaves. This vertical position, together with the 
reduced surface exposed to the air, diminishes transpiia- 
tion. The yoimg seedling Acacias have normal compound 
leaves, and the transition from these to phyllodes can be 
observed during the growth of the seedling. 
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i . 

(c^) Pitchers, etc. — ^Various interesting modifications 
of leaves are found in insectivorous plants. The most 
striking example'^perhaps occurs in Nepenthes, the Pitcher 
Plant, where the leaves are modified into pitcher-like 
organs. An account of insectivorous plants is given in 
Chapter VII. 

[Note: — For directions with regard to the description of leaves 
see Appendix J] 


B. Internal Structure op the Leap. 

§ 17. The Petiole.— A stout petiole or leaf-stalk, when 
examined by itself, Le. without its lamina, might be mis- 
taken by the student for a stem. As a rule, however, it 
is readily distinguished. In most cases the petiole is a 
dorsiventral structure ; it is not perfectly cylindrical, but 
more or less flattened, often markedly grooved on its upper 
surface. 

In Angiosperms one or more collateral bundles pass 
from the stem into the leaf (p. 95). They are accom- 
panied by a tissue continuous with the pericycle and endo- 
dermis. Usually, as they run through the petiole, they 
break up into a number of smaller collateral bundles, each 
of which becomes surrounded by pericycle and endodermis. 
These, as seen in transverse section, may be scattered more 
or less irregularly with their xylem portions towards the 
middle of the upper surface, or in a curved band. Occa- 
sionally (e.gf. the Horse Chestnut) they form a ring, as in 
the stem of Jthe Dicotyledon — ^their xylem portions being 
towards the'^middle of the petiole. Even in this case it is 
usually found that the bundles towards the upper surface 
are smaller than those towards the lower surface. 

The pericycle and endodermis, though present, are as a 
rule not very distinctly marked off from the surrounding 
ground-tissue. Sclerench^a may be developed in ,the 
pericycle. The rest of the ground-tissue is mostly paren- 
chymatous, but bands or ridges of collenchyma or scleren- 
chyma are frequently developed beneath the epidermis. 
The epidermis resembl,^ that of the stem. 
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In dicotyledonous petioles a rudimentary cambium is 
present between xylem and phloem. It is only in a few 
exceptional cases that it becomes active and gives rise to 
secondary growth. 

§ 18. The Lamina — ^bifacial type. — A section (Fig. 
102) through a small portion of the lamina of an ordinary 
bifacial leaf (p. 11) at right angles to one of the veins shows 
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together so that there are numerous intercellular spaces 
communicating with stomata in the lower epidermis. 
This is the spooig^ parenchyma. The cells of bbth pali- 
sade and spongy mesophyll contain numerous chloroplasts. 
The palisade tissue is concerned chiefly in the work of 
carbon-assimilation; the spongy tissue also discharges 
that function, but is more especially adapted to allow 
interchange of gases and vapour between the atmosphere 
and the leaf -tissue. 

Between the palisade and spongy mesophyll run the 
vascular bundles. In the diagram one of the veins has 
been cut transversely. It consists of zylem towards the! 
upper surface, phloem towards the lower. Some of the 
smaller bundles may be cut obliquely or longitudinally. 
Endodermis and pericycle are present round the larger 
bundles, but are usually recognisable as distinct layers 
only when, as frequently havens, 
the pericycle is lignifled ana the 
endodenhal cells contain starch 
(starch-layer). The pericycle dis- 
appears in the smaller veins. 

In many leaves it can be seen 
that the palisade cells at their inner 
ends are connected in groups with 
, single mesophyll cells (Fig. 103). 

j oOlleotinq cells latter are called coUecting 

PALISADE CELLS colls because they collect the car- 

Fig. 103 .— Part of Section bohydrates elaborated in the meso- 
phyil tissue, and pass them on to 
celm. ^ the cells of the bundle sheath whose 

J function apparently is to conduct 

the qarbohydrate material from the leaf downwards into 
the stem. 

< The structure of the leaf varies considerably in detail 
according to its adaptation. The palisade tissue is well 
developed in the leaves qf plants which grow exposed to 
bright sunlight it is poorly' doFeloped in shade^plants.^ 
In .the mesophyll strengthening bands of scteFencliy]^; 
may here and, there be ^velo]^, usuaUy Itetween the^^^^ 
, vascular bttedles and the epidermis, : This is -wefl^^^ 




THB LEAF OF THE AKOIOSPEBM. 151 

Grasses. Cells containing crystals or cavities containing 
oil are frequently found. In some thick coriaceous leaves 
(e.gr. Holly) a hypodermal layer is developed serving pro- 
bably for water storage. 

In many monocotyledonous leaves which stand more or 
less erect, as, for example, in various Lilies, palisade tissue 
is not developed. The mesophyll tissue presents the same 
appearance towards both surfaces and consists of small 
rounded cells containing chloroplasts. The bifacial cha- 
racter of the leaves, however, is shown by the fact that 
the xylem portions of the vascular bundles are all directed 
to the same surface (upper surface). 

§ 19. Isobilateral and Centric Leaves. — In the iso- 
bilateral leaf of the Iris palisade tissue is not developed, 
and the mesophyll presents the same appearance towards 
both surfaces. There is a series of bundles towards each 
side, the phloem portions of the bundles in each series 
being directed outwards towards the epidermis. The 
lower part of the leaf is hollow. 

In centric leaves there is a radial arrangement of tissue. 

§ 20. Development of the Leaf (Figs. 63, 64). — ^The 
leaf originates as a small lateral protuberance at the 
meristemqitic apex of the stem. This protuberance con- 
sists of dermatogen and periblem only. The development 
is superficial, and therefore exogenous (p. 114). At first 
all the cells are meristematic, but later the meristematic 
tissue is restricted to the middle or base of the developing 
leaf, and growth is therefore intercalary. Finally, when 
the full number of cells has been produced, the meristem 
dies out.; At this stage the young leaf is still very small 
and folded'up in the bud with the other leaves. 

Pie expansion and increase in size of the leaf, when the 
bud unfolds, is due simply to the growth of the individual 
cells, not to the formation of new cells. During the earlier 
. devel(^ment procambial strands make their appearance 
(developed here in periblem- tissue), which sooner or later 
become connected with the procambial strands of the stem. 
Tfheie differeiiAiate into the yawulwr faimdles. 
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§ 21, Leaf Apex — ^Endings, of the Veins. — will be 
evident from the foregoing paragraph that the fully 
formed leaf has apical growing-point such as the stem 
has, and further, therefore, that the terminations of the 
vascular bundles or veins must be different. Frequently 
the veinlets have no definite endings, but form anasto- 
moses or fusions with neighbouring veinlets. Sometimes 
they end blindly in the mesophyll. Where the ending is 
definite, the vascular tissue is gradually lost. The larger 
xylem vessels and phloem elements disappear. The re- 
maining small xylem elements are of the nature of spiral 
. and reticulate tracheides. In a few cases these pass gradu- 
ally into a mass of small-celled glandular tissue {e^pifhem- 
tieaue)^ with which are usually associated a number of 
water-pores (p. 60). 

§ 22. Fall of Leaves. — ^There are certain important 
processes connected with leaf-fail in deciduous trees. 
Before the leaf falls a layer of cork is formed across the 
base of the petiole by the meristematic activity of the 
living cells (phellogen) lying immediately internal to it. 
This meristematic property is taken on, not only by cells 
of the ground-tissue of the petiole, but also by cells in the 
vascular bundles, so that the cork-layer is formed right 
across the petiole, and joins on to the cork-layer formed in 
the stem. The fall of the leaf is directly due to the 
disorganisation of the layen of parenchymatous cells 
(absciss-layer) lying just outside the cork-layer. Thus 
the surface exposed when the leaf falls is protected by the 
. cork-layer, ^e wood- vessels of the vascular bundles are 
constricted by the cork-layer, and may also be closed with 
gum, so that when they are broken across there is no 
exudation of sap. 

, L^^fall is determined by interruption or failure of the 
mter-supply produced by conditions which, either retard 
the absorption of water Igr the root or unduly promote 
transpiration. Thus leaves fall naturally in this country 
towards the approach of winter ; but a long period of veiy 
hot, dry weather may bring about the same result. That 
it is a natural process; due to vit^ activity, is shown by 
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the fact tliat the leaves of a dead branch do not fall. 
There is a similar formation of cork at the base of prickles. 

§ 23. We may conveniently close the chapter with a 
general definition of a leaf. A leaf may be defined as any 
natural exogenously developed outgrowth of a stem, differ- 
ing from the stem itself in structure, occupying a definite 
position in development, and having in different regions a 
form and organisation adapted to the functions it has to 
perform. A leaf-structure, whatever its special form, is 
distinguished from a stem or root by its position and mode 
of development. 



CHAPTER VII. 

NUTRITION AND GROWTH, 

§ 1. In Chapter I. (§ 11) we indicated, in a very general 
way, the physiological processes connected with nutrition 
an^ growth, and here and there we have made scattered 
references to the functions of various tissues and organs. 
We have now to give special consideration to these pro- 
cesses as they are exhibited in the higher plants. Although 
considered with special reference to the Angiosperm, they 
are essentially the same in all green plants showing difEer- 
entiation into root, stem, and leaf. Before reading this 
chapter the student should again refer to pp. 12-15. 

§ 2. Importance of Water. — That protoplasm is the 
essential living substance by which all these physiological 
processes are carried on has already been sufficiently em- 
plmsised. We must again allude, however, to the impor- 
tant part played by water. Most parts of plants contain 
a considerable amount of water ; occasionally, in very 
succulent plants, it forms as much as ninety per cent, 
of the toted substance. All the organic substance is 

S eated with water. Water is one of the important 
3 in which essential chemical elements (Hydrogen and 
Oxygen) enter the pl^h Besides this, it is the medium 
for the solution, absorption, aild -transit of all other food 
materials; the medium By which these are brought into 
intimate relation with the living substance. Amongst the 

manifold adaptations eidliibited by pla^te* dome of the 
most striking are concerned with the reflation o;f the 
absoiption, mstodbution, an exit of water, 

m 
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Exp. 1'. — Place some dry seeds {t,g» Pea or Barley) in moist saw- 
dust, and others in perfectly dry sawdust, and com^re the results 
after a week or two. It will be found that water is necessary for 
the germination of seeds. ^ . * 

Exp. 2 . — Place one or two dry seeds (e.. 7 . Pea, Horse Bean, or 
Barley) in a test-tube and heat carefully over a Bunsen flame. 
Observe the moisture which condenses on the sides of the test-tube. 
The water is driven off more rapidly if the seeds are first of all cut 
into small pieces. So-called “ dry ” seeds really contain water. 

Out a number of dry seeds into pieces and weigh them. Place 
them in a porcelain crucible or basin (also weighed) and dry them 
thoroughly without charring them. This can be done by means of 
a w'ater-bath or a sand-bath over a small flame. By weighing again 
determine how much water the seeds originally contained. It is 
usually a little over 10 per cent. If whole seeds dried in this way 
are placed in moist sawdust it will be found that they cah still 
absorb water but do not germinate. Evidently the water present 
in seeds is necessary for life, though not sufficient to enable germi- 
nation to take place. 

Exp. 3. — Observe the drooping which takes place if a plant is 
unwatered or if a branch is out off and exposed to the sun. The 
amount of water contained in the succulent parts of plants (leaves, 
etc.) can be determined by the method of Exp. 2. It is usually 
from 60 to 90 per cent., and depends not only on the part examinea, 
but also on its age. 

§ 3. The Food Materials of a Green Plant. — If we 

make a chemical analysis of a plant — ^an analysis of the 
gases given off, and the residue or ash left behind on 
burning the plant — ^we recognise the following chemical 
elements: — carbon, oxygen, hydrogen, nitrogen, sulphur, 
phosphorus, calcium,. potassium, magnesium, iron, sodium, 
silicon, and chlorine, with, frequently, traces of manganese, 
iodine, and others. Of tWe, only the first six enter into 
the actu^ composition of the living substance of the plant, 
it is evident that all these elements found in the plant 
must enter it in the food-materials absorbed, i,e, the food- 
materials consist of, or contain, &ese elements. We have 
already indicated (p. 13) that the food-materiails absorbed 
by a green plant are of the nature of simple inorganic 
compounds, and that they are taken in in solution. 

Ail the carbon used hj the plant in the processes p£ 
assinriiati[oii.is derived from the carbon dioxide (Gp,) of the 
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atmosphere, which is absorbed by the aerial green parts of 
the plant (chiefly leaves) in the presence of liglit. All the 
other elements aise derived from the water and dissolved 
mineral substances (“ salts ”) absorbed by the root in the 
process of root-absorption. Dissolved carbon dioxide, or 
carbon taken in by the root in the form of carbonates, is 
not made use of in the anabolic processes. 

.The necessary oxygen* and hydrogen are derived chiefly 
from water, partly from salts containing these elements, 
jt^itrogen is absorbed in the form of nitrates (for excep- 
tions see pp. 196-202), sulphur in sulphates, phosphorus 
in phosphates, chlorine in chlorides, silicon in silicates ; 

iron, potassium, calcium, and magne- 
sium form the metallic bases of these 
salts. If substances absorbed are made 
use of in metabolism, the absorption 
continues. The amount absorbed de- 
pends on the amount assimilated. 

It has been determined by experi- 
ment that, for most green plants, the 
essential elements, i.e, the elements 
absolutely necessary for healthy growth, 
are carbon, oxygen, hydrogen, nitrogen, 
sulphur, phosphorus, calcium, potas- 
sium, magnesium, and iron. The 
others are non-essential ; or, at all 
events, are essential only for certain 
plants. 

That carbon is essential is shown by ‘ 
the f^t that, while a green plant can 
be grown in a nutritive solution which 
contains no carbon, it cannot be grown 
in an atmosphere deprived of carbon 
dioxide. 

That the others are essential has 
t)een determined by the method of Water-Culture. . A 
number of plants of the same species are grown in glass 

* Oxygen of respiration is absorbed by all parts of plants, see 
p. 184. 
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jars, their roots immersed in a nutrient solution of inor- 
ganic salts (Fig. 104). It is found, with most plants, tliat 
there is healthy growth only if the solution contains the 
elements mentioned in proper form and degree of concen- 
tration. Various unhealthy symptoms appear if one or 
more of them are absent. Thus, if iron is left out, there 
is no development of chlorophyll; and the presence of 
potassium is necessary for the formation of carbohydrates. 
The solution must be very dilute. 

Exp. 4. — soeds, seedlings, leaves, or other parts of plants be 
thoroughly dried, as explained in Exps. 2 and 3, the dry substance 
that is leit consists largely of organic matter and is combustible. 
If this is thoroughly burned, by heating strongly, a small quantity 
of ash is left behind. By careful weighing the amount of ash can 
be determined. It is generally about 1 to 3 per cent, of the toUil 
weight. It contains all the metallic elements found in the plant 
combined in the form of phosphates, sulphates, carbonates, and 
chlorides. Silica is very abundant in the ash of grasses. The com- 
position of the ash in different individuals of the same species varies 
according to the character of the soil. 

Exp. 5. — Heat a portion of a Bean-cotyledon, attached to a long 
needle, in the Bunsen flame until it chars. Rub the charred mass 
on white paper ; it leaves a black mark of charcoal (carbon). Con- 
tinue to heat the piece for some minutes and note that it burns to 
ash. Pieces of wood, heated in a tube, are similarly reduced to 
charcoal, which, if burned, leaves an ash behind. 

Exp. 6. — Heat a few crushed seeds of Bean or Pea, mixed with 
soda- lime, in a test-tube. Ammonia will be given off, proving the 
presence of nitrogen in the seeds. 

Exp. 7. — Get some large jars, each holding at least a quart, for 
water-culture experiments. Sachs’ solution consists of 2 grammes 
of potassium nitrate, 1 gramme each of sodium chloride, calcium 
sulphate, magnesium sulphate, and calcium phosphate, and a drop 
or two of iron chloride (or iron phosphate) to 2 litres of distillea 
water. Knop’s solution, which is perhaps better, consists of 
2 grammes of calcium nitrate and 0*6 gramme each of potassium 
nitrate, magnesium sulphate, and TOtassium phosphate, with iron 
as before, in 4 or 5 litres of water. The solution should be made up 
as i^uir^ 

Grow seedlings of Bean, Pea, Maize, Buckwheat, and other 
plants until the roots have grown a few inches long, then fix each 
seedling into a cork. The cork should have a hole in the centre for the 
plant, a slit somewhat narrower than the hole running to the edge 
of the oork (so that the plant can be removed easily when necessary). 
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and another hole for a stidk to tie the plant to. Take care to keejp 
the oork, as well as the part of the plant which is in contnot with 
it, quite dry ; most ^failures in water-culture are due to ** damping 
off” at this part (caused byfqngi). If a stick is used to support 
the plant, there is no need for any packing material ; in any case, 
do not use cotton-wool for this purpose, but soft asbestos which has 
first been heated and allowed to cool. 


Darken the roots by covering the jars with black cloth or paper ; 
add distilled water each day to replace that lost by evaporation 
(using a funnel, and not letting the cork get wet). Once a month 
take the plant out, wash its roots gently in a basin of water, pour 
out the culture solution, and let the plant remain with its roots in 
plain water for two days before placing it into fresh culture solution. 

Choose seedlings as nearly equal in. size and general growth as 
possible, then place some in a complete solution, others in a solution 
from which one or other of the essential elements is wanting. To 
deprive the plant of potassium, use sodium nitrate instead of 
potassium nitrate, and calcium phosphate instead of potassium 
phosphate. Deprive others of calcium by omitting the calcium 
nitrate ; of phosphorus by omitting the potassium phosphate ; of 
magnesium by using calcium sulphate in place of magnesium sul- 
phate ; of suljphur by using magnesium chloride instead of the 
sulphate ; of nitrogen by using sodium chloride and calcium sul- 
phate in place of calcium and potassium nitrates; of iron by 
omitting the iron salt (which should be added in all other cases). 

The culture solution should not be alkaline, or the roots suffer ; 
if it turns red litmus to a blue colour, add acid {t,g, phosphoric 
acid) until it gives an acid reaction. The roots should be supplied 
with air ; the simplest plan is to force air into the solution every 
day or two with a bicycle-pump or a condensing syringe. 


Xlzp. 8 .~ Compare the growth of seedlings (of the same kind of 
plant) which have been supplied with (i) distilled water; (2) tap 
water; (3) culture solutions (some complete, others with one ele- 
ment or other omitted -in each case). If you grow the plants in 
washed sand instead of culture jars, water with (1), (2), or (3) dail^. 
<':i[n either case, compare also wiw plants grown in good garden soil. 
After, say, six weeks dry thoroughly and weigh the seedlings, 
and Qompaie their dry weights ; then bum them and compare me 
ash weights. 


§ 4. Soil.— A fertile soil must cont^ the same essexi- 
"tial elements as the full culture-solution, and in a form 
available for use by plants. In a general wa^, soil may be 
regarded as an aggregation of or^^ and inorga>nio par- 
ticles. ; The proportion of or^nic and inorgaimc material 
varies widely in different ;^. 80 i^. The defying organic^ 
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matter present is called humua, and can be removed bj 
burning. The inorganic material consists chiefly of sand, 
clay, and calcareous matter. ^ 

jEach particle of the soil is surrounded by a film or pel- 
licle of water. This water, which is called the hygroBCopic 
water of the soil, is firmly adherent to the particles, just 
as water adheres to or wets the surface of a glass. It is 
prasent even in the driest soil, and can only be completely 
got rid of by heating the soil to 100° C. Between tlie soil- 
particles are spaces or interstices which, if the soil is in a 
good physical condition, are largely occupied by air j but 
in very damp or water-logged soils they are filled with 
water — the free water of the soil — ^which can trickle 
through the soil under the action of gravity. This free . 
water is injurious to plants (except those specially adapted, 
e,g, bog- or water-plants) because it interferes with the 
proper respiration of the root. It is the object of drainage 
to remove it. ^ 

Some of the inorganic substance in the soil is dissolved 
in the hygroscopic water, and it is this water, with its 
dissolved salts, which is absorbed by the roots of plants. 
Normally, the organic substance is hot absorbed by green 
plants ; but, owing to decomposition effected in it by micro- 
organisms (Bacteria and Fungi, especially Moulds), and 
le^ing to the formation of simpler compounds, it serves 
to replenish the store of inorganic substance, and more 
especially nitrates, necessary for plants. The composition 
of the water present in the soil can be learned by analysis 
of drainage water ; and soils can be tested for soluble 
substances by letting distilled water drain through 
samples of them, and then applying tests for the essential 
elements. ^ . 

The air contained in the soil is constantly being renewed 
by diffusion from the air above. Since the processes goi];ig 
on in the soil consist largely of oxidation, soil-air is poorer 
in oxygen and richer in carbon dioxide than atmospheric 
air. 

Sandy Soil* are called ‘‘ light” because they are easy to work ; 
they ate moife porous, warmer, and driw than clay soils. A ]^ure 
• sand .contains little but insoluble silica in the form of quarta-grains ; 
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hence it acts only as a sterile medium, thouuh when watered with 
dilute nutrient solutions many plants are able to grow well in it 
Clay Soils are said to be *^cold” because they contain more 
water than sandy &oils, and therefore lose heat mOre rapidly by 
evaporation ; but all good soils contain more or less clay, which 
is richer in plant food than any other ^rt of the soil. In drying, 
clay tends to form a hard compact mass impenetrable by the roots of 
plants. The presence of clay increases the power of retoining water, 
which is very deficient in sand, but this makes it difficult for a plant 
growing in a clayey soil to absorb enough water unless the soil con- 
tains a large amount ; in the latter case, the soil is badly aerated 
and hence, for lack of oxygen, the roots are unable to develop to any 
great extent or to penetrate deeply. Clay is also of great service to 

E lants by fixing various substances essential for plant food, that is, 
y combining with these substances and preventing them from being 
too easily washed out of the soil by rain-water. 

Cf^cajreouB matter supplies plant food in the form of lime, 
magnesia, and phosphoric acid. It improves the texture of clay 
soils by making them friable and easily worked. It also acts as a 
base with whi^ acids, formed by decay of organic matter, can unite 
and thus be made harmless ; if such oasic material is absent the 
soil becomes **sour’’ through the accumulation of organic acids. 
Even more important is the part it pla^s in the process by which 
certain bacteria convert into nitric acid the nitrogen present in 
organic matter or ammonia compounds ; this process (nitrification — 
see § 6) occurs only in a weak alkaline solution and the nitric acid 
unites 'With the lime. 

Kilmus, the decaying organic matter of the soil, is of great 
importance both from its physical and chemical properties. It is a 
light, bulky, dark-coloured substance, with a great capacity for 
holding water. The presence of humus gives the soil a loose, open 
texture, and makes it able to absorb and retain water. In woods 
humus often accumulates to a considerable depth, but in ordinary 
soils it is only present to a depth of about a yard, and this part of 
the soil has a looser .texture and darker colour than the underlying 
subsoil, which contains no humus. Humus contains from 4 to 9 
per cent, of nitro^n, far more than is present in the vegetable 
niatter from Whimi the humus is produced. The conversion of 
vegetable matter into humus is help^ by bacteria, moulds, earth- 
worms, catei^illars, etc. 

Exp. 9. — ^Get about a pound of garden soil, stir it up in water to 
form a paste ; place this in a jar» fill the jar with water, cork it, 
shake well for a few minutes, then^allow to stand till the soil settles 
to the bottom. Examine the soil' after it has settled ; the coarser 
material at the bottom is sand, above this is finer material consist- 
ing chiefly of dtxy (the finer grains remain suspended in the water, 
making It cloudy), and on top of the w^ter floats a little decomposed 
vegetable matter (Anmns). 
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Bzp. 10. — To compare the ahsorption of xocUer by different eoils, 
take 100 grammes of gravel, sand, rich loam (good gaMcn or field 
soil), leaf mould, and dry, powdered leaves, and put each sample 
into a wide tube — e.ff. a lamp chimney — closed the lower end oy 
a bored cork ; a glass funnel will do instead. Hold each tube or 
funnel in turn over a tumbler, and pour into it a litre of water ; then 
measure the water that runs out at the bottom in each case. Which 
sample absorbs and retains most water and therefore allows least 
water to run through? In an experiment like this the weight in 
grammes of the water absorbed by 1(X) grammes of each dry sample 
was: gravel, 0; sand, 30; barren sandy soil, 35; rich loam, 70; 
leaf-mould, 220 ; loaves, 500. These results show clearly that the 
water-absorbing capacity of soils is greatly increased by the presence 
of vegetable matter. 

Ezp. 11 . — Pack clay or garden soil into a glass funnel, then pour 
in some ammonia- water, and place the funnel over a tumbler. The 
water will, if the clay is packed tightly enough, come out at the 
bottom without any smell of ammonia. The ammonia has been 
absorbed by the silicate of alumina present in the clay. 

§ 5. Root-Absorption. — The water of the soil with 
the substances dissolved in it is absorbed by a process of 
osmosis. This may be regai'ded as a simple physical 
process, modified in the case of root-absorption by the vital 
activity of the protoplasm. It may be defined as diffusion 
through a pe'imeahle hut non-porous membrane. 

If we place in a vessel of water a bladder filled with a 
strong solution of a substance having an attraction for 
water (an osmotically active substance, e,g, sugar), a- large 
amount of the water will diffuse (pass by osmosis) into 
the bladder (endosmoeis), while a small amount of the 
solution will diffuse out (exosmosis). The weaker fluid 
diffuses faster and this continues until the same concen- 
tration is acquired, when it is equally rapid in both 
directions, and hence apparently ceases. It should be 
noticed, also, that, in the above example, a considerable 
pressure will be set up inside the bladder, owing to rapid 
endosmosis. This has an important application in con- 
nection with root-absorption. 

The root-hairs are the absorbing organs. There is very 
little absorption by the surface of the root itself. The 
hairs come into close contact mth the particles of tlie soil 
and, like the particles, are invested by films of water. 
bot. 11 
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The wall of the root-hair, together with the primordial 
utricht is the osmotic membrane ; outside this is the 
hygroscopic water, with various salts in very weak solution ; 
inside is the cellUap, a comparatively strong solution, con- 
taining many organic compounds with a strong affinity 
tor water (probably the most important of these in this 
connection are sugars and organic acids). The primordial 
utricle exercises an important influence on the process by 
preventing the entrance of certain substances which could 
readily diffuse through the wall of the hair alone. Further, 
it allows only very weak solutions to pass through and 
retains the water in the vacuole even at a high pressure^ 
thus bringing about a very tense or turgid condition of the 
cell (cf. the distension of the bladder). 

Thus in root-absorption a very large amount of hygro- 
scopic water with dissolved salts passes into the root-hair, 
while only a minute quantity of cell-sap diffuses out — a 
quantity just sufficient to moisten the tips of the root- 
hairs. Endosmosis is greatly in excess of exosmosis. 

The presence of free oxygen and a suitable temperature 
are essential conditions of root-absorption. Koot-absorp- 
tion increases with rise of temperature. From what has 
been said it will also be understood that the presence of 
salts in large amount in soil water hinders absorption by 
the root ; this is exactly what the root has to endure in 
salt, marshes and peat-bogs. 

Bzp. 12. — Place some dry raisins in water arid observe that 
they swell up just as dry seeds do. On the other hand, fresh 
grapes plaoea in a strong solution of sugar shrink. Both effects 
are due to osmosis. 

Sxp. 18. — 9^ver the mouth of a thistle-funnel with parohment 
or pig’s bladder, and tie it on tightly. Invert the funnel, and with 
a pipette add sugar solution till it reaches a short, distance in the 
tube of the funnel. Mark the level with a strip of gummed paper ; 
then pass the tube of the funnel through a hole in a cork arid sup- 
port the cork so that the head of the funnel dips into a dish of dis- 
tilled water. Observe the rise of the liquid in the tube of the funnel ; 
also show that a little of the sugar solution diffuses into the water, 
by evaporating the liquid in the dish to dryness, when a small 
residue of sugar will remain. If the sugar solution used is strong 
enough, the presence of sugar in the water put^de the thistle-fuhnd 
inay TO detected by. tasting, ^ , 
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Some idea of osmotic pressure may be obtained by using appara- 
tus fitted up on the same linos as that shown in Fjg. 105, the pres- 
sure being measured by the rise of the mercury 
in the bent tube. 

Xixp. 14. — ^Cut sections of a piece of fresh 
beetroot ; moimt sections separately in (1) 
water ; (2) salt solution, 3 to 5 per cent. ; 

(3) alcohol. In (1) notice the layer of pro- 
toplasm (“primordial utricle'*) lining tlie cell- 
wall, and the red sap filling the cavity (vacuole) 
of the cell ; some of the cells will be cut open, 
allowing the sap to escape. In (2) notice that 
the primoidial utricle contracts from the cell- 
wall, but still contains the red sap. The salt 
solution can pass through the cell-wall, and, 
having a greater attraction for water than the 
osmotically active substances in the cell sap, 
withdraws water from the vacuole. The pro- 
toplasm allows water to escape, but not the 
osmotically active substances. This condition 
is known as plasmolysis. The colls can bo re- 
stored to the normal condition by adding water. 

In (3) notice that the red sap diffuses out of the 
cells, which have been hUltd by the alcoliol. 

Exp. 15. — Make a rough model of a root- fou DSMosHTnATisa 

hair out of a long potato-tuber. Cut off one Ohmotu; Pubhsuue. 

end of the tuber so that it will stand upright, 
and with a knife scoop out the middle part, leaving on the outside 
a layer about a quarter of an inch thick. Half fill the tuber with 
salt solution or sugar solution (about 5 per cent, in eadi case), 
coloured with red ink, and stand it in a dish of water, the level of 
which should not exceed that of tlie salt or sugar solution inside the 
tuber. From day to day observe the rise of the coloured solution, 
showing that water has ocen absorbed from outside. 

§ 6. dLemical Processes in the Soil. — Only sub- 
stances in solution can be absorbed by the root-hairs. 
Substances insoluble in pure water and required by plants 
are brought into solution by various chemical processes 
which take place in the soil, Thns water containing 
carbon dioxide, which is always present in the soil, can 
dissolve carbonate of lime and various silicates. The acid 
sap which moistena the tips of the root-hairs and various 
soluble substances present in soil-water, by effecting 
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chemical decomposition, also bring insoluble substances 
into soluble forms. 

Soluble salts aje largely washed out of the soil by drain- 
age. The chlorides, sulphates, and carbonates are mostly 
removed in this way ; but the soil, especially a clay soil, 
keeps a him hold of potassium and ammonium salts, and 
also of phosphates, as can be shown by allowing dilute 
solutions to filter through samples of soil (see Exp. 11). 

Important changes take place in the organic matter of 
the soil. The carbon in the organic matter is continually 
undergoing oxidation, carbon dioxide and organic acids 
being produced and heat given off ; while, under the action 
of various moulds and bacteria, the nitrogen of the proteid 
substance is converted into ammonia, which largely unites 
with the carbon dioxide, forming carbonate of ammonia. 
The carbonate of ammonia is oxidised, first into nitrites, 
and finally into nitrates ; in this process, which is called 
nitrification, at least two distinct bacteria (nitrifying 
organisms) are concerned. Ammonium salts directly sup- 
plied to green plants are similarly converted into nitrates 
before they are absorbed. 

Eecent research seems to indicate that there are also in 
the soil various bacteria which have the power of making 
use of the free nitrogen of the air and bringing it into 
combined form, probably nitrates. 

Ezp. 16 . — Grow seedlings witli their roots resting on blue 
litmus paper, or dipping into blue litmus solution, and notice the 
change of colour due to the excretion of acid substances by the 
root-hairs. 


Exp. 17. — Gi|ow seedlings in a layer of sawdust or soil resting 
on Or slab of polished marble. After a week or two remove the 
latter and examine its surface carefully for the tracks eaten into it 
by the roots. 

§7. Selective Absorption by Bopts. — Different plants 
growing in the same soil absorb disi^olved substances in 
very different proportions. '^This has been determined by- 
numerous analyses of the ash of plants, and it can also 
be proved by water-culture experiments. This apparent 
seleptive power of plants is due to the fact that different 
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plants have different needs. Any diffusible substance in 
solution can be absorbed by the root-hyrs ; but its con- 
tinued absorption depends on its being assimilated, or enter- 
ing into the processes of metabolism. Cereals (Wheat, Eye, 
etc.) take from the soil less than half as much nitrogen, 
lime, and potash as “root-crops ” (Turnip, Beet, Potato), 
but much more silica. The “ rotation of crops ” in farm- 
ing is based on this. In this way, before any crop is grown 
again on the same ground, the special substances required 
by the crop have time to accumulate. 

§ 8. Course of Absorbed Solutions. — The absorbed 
solutions pass hy osmosis from the root-hairs into the cells 
of the cortical tissue of the root. Owing to the excess of 
endosmosis and the part played by the primordial utricle, 
a considerable pressure is set up in the cortical tissue — the 
cortical cells become extremely turgid. The solutions to a 
certain extent diffuse by osmosis through the parenchy- 
matous tissue of the plant, but the greater part passes into 
the xylem tissue of the root, and is given off to the paren- 
chyma at a higher level. 

The passage into the xylem tissue is not effected by a pro- 
cess of osmosis, for at first the xylem elements (vessels) are 
empty, so that an essential condition of osmosis is wanting. 
It is brought about simply by the hydrostatic pressure set 
up as explained in the surrounding cortical tissue. It is 
probable that, when the limit of turgidity is reached (i.e. 
when the pressure exceeds a certain point), a molecular 
change takes place in the protoplasm (primordial utricle), 
and the watery solutions are expelled, owing to the collapse 
of the cell, with considerable force. In this way the solu- 
tions, following the course of least resistance, are forced 
into the wood vessels. They pass up through the xylem of 
root and stem, and out into the xylem of the leaf-veins. 
There they finally diffuse into the inesophyll tissue of the 
leaf, where elaboration chiefly takes place. 

Formerly it was. thought that the solutions passed 
upwards through the wMa only of the wood elements; 
it is now known that they also pass through the cavities, 
and at certain periods the vessels contain abundance of 
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water. The water probably foime short columns with inter- 
vening bubbles pf air, the columns, however, being con- 
nected by films along the wall of the vessel. 

' The current of water with dissolved salts passing upwards 
from root to leaves is called the transpiration currant. 
It conveys food-materials to the leaves for elaboration, and 
makes good the loss of water duo to transpiration. 

£zp. 18 . — Fix a seedling with its root dipping into red ink 
(colouriiig-niatter in solution)^ and after a time (tiy several seedlings, 
and give them different lengths of time) cut across the root, to see 
how far upwards the colour lias spread, and in what part of tlie root 
it travels. Also cut across the atetm of seedlings that have been in 
red ink for a day or two, and notice the red-stained bundles ; how 
does the liquid travel in the leaves ? 

Ezp. 19. — Get any leaves with broad, thin blades and fairly 
long stalks — e,g. Lesser Celandine, Garden Geranium. Place them 
in fcttles of red ink, with the out lower end of the stalk dipping 
into the ink, and note the colouration of the veins. Cut a Grass 
shoot above the creeping stem, and try the same experiment, 
noticing the arrangement of the veins, as indicated by the red 
lines which appear in the leaves in a day or two. 

§ 9. Boot Pressure. — ^We have explained that, owing 
to the great excess of endosmosis, a considerable pressure 
is set up in the cells of the cortical parenchyma of the 
root ; that this is increased by the action of the primordial 
utricle ; and that when the cells collapse the water is forced 
into the wood elements. After collapse the cells recover 
their condition of turgidity and again collapse. In this 
way we can injagine that a rhythmical pumping of water 
into the woo^elements is going on. 

Now this patessure which exists in the root, and which we 
may regard as a force driving the water into the wood 
elemehte, and upwards, is called root-pressure.' In some 
plarits it is very marked, especially in spring. Thus, if the 
stem of a vigorous young Vine be cut in spring about a foot 
from the ground, tWe is abundant exudation of watery 
sap from the vessels at the cut surface. This phenomenon 
is called and its manifestation continues for a 

considerable time. Soot-priessiito can, however, be demonr 
t strated in most plants, under suitable conditions, while Active 
growth is going on, and theto is SufEleient Water in J^he soili 
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Depending, as it does, on root-absorption, root-pressure is 
affectm by various external conditions, sucb as tempera- 
ture, etc., which influence that process. • But it does not 
follow that, when root-absorption is active, there will be a 
high root-pressure, for the magnitude of the pressure de- 
pends also on the amount of teanspiration. As a matter 
of fact, during a hot day, when transpiration is active, the 
amount of water absorbed by the root is usually not suffi- 
cient to make good the loss from the transpiring surface, 
and there is not merely no pressure in the vessels, but even 
a negative pressure, i.e. if the stem of the plant were cut 
across, the stump would absorb water applied to the cut 
surface instead of giving it out. 

On the other hand, after a very hot day, root-absorption 
continues active, during the night, owing to the temperature 
of the soil, while transpiration is much reduced. Under 
these conditions root-pressure niay be sufficient to. force 
drops of water out of the leaves, and thus get rid of the 
excess absorbed. This is the explanation of the drops of 
water seen in the early morning on the leaves of Saxifrages, 
Grasses, Garden Nasturtium, Lady’s Mantle, and other 
plants (see hydathodes, pp. 54, 61). The water escapes 
-through ordinary stomata, through water-stomata, or 
through the epidermis. A similar exudation of water 
may be artificially induced by forcing water under pres- 
sure into a leafy branch. 

Exp. 20.— Cut off the stem of a vigorous Bean needling close to 
the ground, and connect the stump, by means of rubber tubing, to 
a long, straight piece of glass tubing ; lash this tube to a stick 
placed in the soil, pour a little water into it, then a drop of oil, 
which will float on the water and prevent evaporation. Measure 
the ascent of the water in the tube, and find how the rate is affected 
by temperature. 

Exp. 21. — ^To measure the force exerted in root-pressure, an 
apparatus like that shown in Fig. 106 may be used. ^ is a doubly 
bent (S-shaped) glass tube attached by rubber tubing to the out 
stem ; it is filled with mercury to the level ss, and there is water 
between the metcuiy and the stem. Koot-pressure fomeg water 
into the tube and displaced the merou^ to. the leveU fr. The force 
of root-pressure is mgasured by the difference of level. 
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Szp. 22. — Vix. a branch of Fuchsia or other suitable plant in the 
short limb of a U-tube (containing water), as shown in Fig. 107, and 
make the connectiop air-tight by means of rubber tubing. By pour- 
ing mercury (Hg) into the long arm of the tube the water in the 



Fig. 106 .— Apparatus for Mea- 
suring Boot-pressure. (Ses 
text.) 



Fig. 107 .— Mode of demok- 

STRATING THE EXCRKTION OF 

Fluid Water from Leaves. 


short arm is forced under pressure into the stem and exudes in drops 
from the glands on the leaves. The apparatus should be covered 
’with a bell-jar ovcJP water. 

§ 10. Transpiration. — A large amount of the water 
absorbed by the roots, and carried to the aerial parts by 
the transpiration-current, is given off from the aerial sur- 
face in the form of water-vapour. This process is known 
as /transpiration. The wat§r vapour collects in the inter- 
cellular spaces of the parenchymatous ground-tissue, and 
passes off through the epiderinis, and especially through 
the stomata. Very little . is given off from the general 
epidermal surface if the cuticle is at all well developed. 
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The process, however, is not simply one of evaporation. 
It is regulated by the vital activity of the plant. That 
this is so is evident from the fact that usil&,lly more water 
is evaporated from the surface of a dead leaf than from 
that of a living leaf. We must remember also that 
the stomata can regulate the amount of transpiration 
(seep. 69). 

Transpiration varies according to external conditions. 
It is more active when the air is dry and hot than when it 
is moist and cold. This is not merely due to the fact that 
a hot dry atmosphere is favourable to evaporation, but 
also because it increases root-absorption. 

Transpiration is greater in bright sunlight, because the 
•latter increases assimilation and promotes osmotic activity. 
There is a rush of water to the assimilating cells. With 
this is correlated the opening of the stomata. The guard- - 
cells always contain chloroplasts, and we now have an 
explanation of this. The guard-cells become turgid when 
there is increased assimilation, owing to osmotic activity. 
When the guard-cells become turgid, the stoma opens ; when 
they collapse, it closes. The reason of this is found in the 
peculiar arrangement of thickening on the' walls of the 
guard-cells (p. 68). The thickening is such that the oellS‘ 
can expand only in a particular direction. Wlien turgid 
they bulge away from each other, becoming more convef 
on the side away from the pore, concave, or less convex, 
towards the pore. 

The stomata close if transpiration is too active, or if 
there is a deficient supply of water ; they open in moist 
air, and other conditions where increased transpiration 
would be beneficial. 

In transpiration plants get rid of the excess of water 
absorbed by the roots. Transpiration also acts as a force 
tending to cause the ascent of water from the roots to the 
leaves. Further, it is probable that transpiration dis- 
charges an important function by keeping plants cool, 
more especially those exposed to direct sunlight. 

Ezp. 23«— Observe that a leaf plucked from a plant soon becomes 
dty and withered^ and that whenever plants are grown under a bell- 
jar water oolleots on thb gloss. 
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Exp. 24.— Get a branch of Willow in which the young leaved 
have become fully expanded, and attach it by means of a piece of 
stout indiarubberctubing to a slass tube about 9 ins. long, with the 
end farthest from the branch cent at right angles for about 2 ins. 
Arrange the branch vertically, the longer limb of the glass tube 
horizontally, and the short terminal part dipping into water tinged 
with red ink. It is best to out the branch 
and attach the tubing imdor water in a large 
basin, so as to prevent the entrance into the 
stem of air-bubbles, which would diminish 
the flow of water. 

Notice that the coloured water soon begins 
to travel along the horizontal tube. This 
apx^aratus may be used to roughly measure 
the rate of the transpiration current. Ascer- 
tain whether the flow is difierent bn bright 
and on dull days, and whether it is influenced 
by opening door and window so as to cause 
a draught. What is the effect of smearing 
the surfaces of the leaves with vaseline ? On 
different branches, smear (1) the upper sur- 
faces, (2) the lower surfaces, (3) both surfaces, 
of the loaves, and note the rate of the tran- 
spiration current in each case. 

Exp. 25.— By the aid of a simple piece of 
apparatus (Fig. 108) and a weighing balance, 
the amount of water lost by a leafy stem 
can be determined, and at the same time it 
can be proved that the amount transpired is 
approximately the same as that absoA>ed by 
the roots. A plant is fixed by means of an 
air-tight indiarubber cork in a bottle filled 
Fig. 108. — Apparajus with water. As water evaporates from the 
leaves and is absorbed by the roots, the level 
BY THE Roots, fTAND <^f the water in the graduated tube falls. 
THE Loss UY K^pok- This givcs the amount absorbed by the roots, 
ATioN FROM THE and ou Weighing the apparatus; it will be 
leaves. found to correspond to the total amount lost 

by evaporation from the leaves and stem. 
Each, of the larger divisions on the graduated tube corresponds to 
a cubic centimetre of water, so that when the roots have absorbed 
that amount the entire apparatus will have lost about 1 gramme in 
weight. " 

Exp. 26 .—Get a plant growing in a flower-pot ;:any plant with 
thin (not leathery) leaves wdU answer. CoVe^ the soil wiUi on 
^ indiarubbet sheet to prevent evapomtion, and balance the ppt On a 
of soales. Observe the loss of freight b^ transpiration. ' Water 
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the soil daily or eyer^ two days, replacing the indiarubber sheet 
each time, and ascertain whether the loss of weight differs on bright 
and on dull days, in light and in darkness. 

• Exp. 27 . — Cut three healthy leaves of Indiarubber Plant or of 
Rhododendron. Attach a small piece of fine rubber tubing to the 
stalk of each ; fold the rubber back and tie it tightly to prevent 
evaporation. Cover the lower surface of one leaf (A), and the 
upper surface of the second (B), with vaseline ; leave the third (C) 
untouched. Tie a piece of wire or string to each leaf, and weigh 
them carefully. Hang them up near each other and weigh them 
each day. After several days the leaf whoso stomata are blocked 
(A) will be still green and fresh, while the others will be more or 
less withered. 

Ezp. 28 . — Soak some filter papers in a 5 per cent, solution of 
cobalt chloride. Dry them and observe that they turn blue. 
Breathe on one of them and notice tlic change of colour. These 
cobalt papers affoixl a delicate test for water- vapour. Place a thin 
leaf between two of them, and keep them flat by placing them 
between two pieces of glass. Notice which surface of the leaf gives 
off most water- vapour, as shown by the change of colour. 

Ezp. 29. — Strip off a piece of the lower epidermis of a leaf of 
Bean or Narcissiis, mount in water and examine with the micro- 
scope. Find an open stoma with the high power ; put a drop of 
3 per cent, salt solution at one side of the cover glass and draw it 
through with blotting-paper. The salt solution draws water out 
of the guard-cells and the stoma closes. If water is now drawn 
through in the same way, the guard-cells absorb it and swell up, 
and the stoma opens. 

§ 11. Causes of tlie Ascent of Water. — The elucidation of the 
causes of the ascent of water in tall trees in opposition to the action 
of gravity has been, and still is, one of the problems of botanical 
physiology. It cannot even yet be said that they have been definitely 
or fully determined. 

The first theories wore vitalistic, vaguely ascribing the ascent to 
the vital activity of the living protoplasmic substance. These, by 
themselves, were little more than a confession of ignorance. Various 
physical causes have since then come under discussion, such as root- 
pressure, transpiration, capillarity in 4>he wood- vessels, the varying 
pressure of the gases contained in the wood-elements, and so oii; 

The importance of most of these has been discounted for physical 
and other reasons. Thus it has been shown, in the cose of root-pres- 
sure (p. 167), that when transpiration is active there may be a ne^- 
tive pressure in the wood- vessels, and that poisonous solutions, $.e; 
solutions which would kill the living protoplasm, can be absorbed 
and iMcend throuj(h the although,, as has been explained, the 
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vital activity of the protoplasm probably plays an important part in 
connection with root-pressure. Transpiration, however, is generally 
regarded as a factjpr having an important influence on the ascent of 
water. It causes a great diminution of pressure in the upper parts 
of trees, and the pressure is equalised by tho upward passage pf 
water from the lower parts. Thus transpiration might be loosely 
regarded as a force sucking up the water from below. 

XSxp. 30. — The sucking force exerted by the leaves can be demon- 
strated by attaching a leafy branch, cut under water, to a tube filled 
with water and dipping into a coloured solution. It will be found 
that the solution ascends the tube oven when the latter is many feet 
in length. 

§ 12. Pliotos 3 riitlLesi 8 (Carbon-Assimilation). — Car- 
bon dioxide is absorbed by the plant over its green aerial* 
surface — chiefly the leaves — ^in the presence of light. It 
passes into the intercellular spaces by means of the 
stomata and diffuses from tho intercellular spaces into 
the parenchymatous cells — ^the mesophyll cells in the case 
of leaves. It should be noticed that it passes through the 
walls, not as a gas, but in solution. It is dissolved in 
the cell-sap which permeates the walls of the cells. In the 
interior of these cells chemical processes, leading to the 
elaboration of organic compounds, take place. 

This elaboration, of the details of which little is known 
with certainty, goes on chiefly in the mesophyll cells of 
foliage leaves, although also to some extent in green herb- 
aceous stems. Under the influence of chlorophyll and 
light the water (HjO) absorbed by tho root and the carbon 
dioxide (CO 3 ) are built up into carbohydrates. Tho first 
impound form^ is probably formic aldehyde (OH^O), 
and oxygen is given off in the process. This may be 
repr^ented according to the equation — 

, CO, + H,0 = CH,0 + 

although it is very doubtful if this can be regarded as a 
true representation. 

It has been suggested that there may be an intermediate 
step^thus:— 

CO, + H,0 = (CO + O) + (H, + O) 

= CH,0 + 05 ^ 
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There seems, however, to be very little evidence in sup- 
port of this. From the formic aldehyde soluble carbo- 
hydrates of the nature of sugars may be formed by a 
process of compounding (polymerisation). * Thus we may 
imagine the formation of grape-sugar (CgHi^Oo) : — 

6CH,0 = A- 

Some recent chemical experiments, however, seem to 
show that, in many plants, cane-sugar (C 12 H 22 O 11 ) is the 
first sugar formed. 

Thus, in carbon-assimilation, carbon dioxide is taken 
into the plant and, along with water, undergoes a chem- 
ical change ; an equivalent volume of oxygen, approxi- 
mately, is given off, and the carbon made use of in the 
elaboration of organic substances of the nature of carbo- 
hydrates. 

The surplus amount of sugar formed in the leaves is 
stored up as starch in the chloroplasts (p. 33). The rest 
is transferred from the seat of formation to other parts 
of the plant and made use of in ways to be described 
presently. 

Formerly it was thought that the starch appearing in 
the chloroplasts was directly built up from carbon dioxide 
and water, i.e, that the carbohydrate starch was the first 
carbohydrate formed in the process. We may still re- 
gard starch as the first visible product giving evidence of 
carbon-assimilation : but we can no longer regard it as 
being formed directly. It is simply a temporary storage 
of surplus carbohydrate. During the night it is recon- 
verted into sugar and passes out of the leaf (see p. 187). 

In many green plants, especially Monocotyledons {e.g: 
the Onion), no starch is formed in the chloroplasts, or 
even in more permanent store-places of food-material. In 
the cells of these plants various forms of sugar take the 
place of starch. It may be mentioned here also that in 
many Algse, e.g. Vaucheria, the products of assimilation 
are not carbohydrates, but various forms of oil. 

Sxp. 31 , — ^Boil in water some leaves taken from a Bean seedling, 
or some other plant with thin flat leaves. The colour -does not 
come out. Place the boiled leaves in alcohol, and notice that the 
leaves gradually lose their colour, while the alcohol turns green. 
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When the leaves are oolonrleM, plooe one of them in a saucer and 
pour dilute iodine solution over it. The depth of colour produced 
shows roughly how much starch is present. If there is abundance 
of starch, the colour is nearly black ; if little starch, it is bluish ; 
if none, the iodine turns the leaf brownish (test for proteids). If 
the leaves of a plant growing in the light are tested in this way 
there will bo abundance of storch ; there will be pone if the plant 
has been kept in darkness for one or two days. 

Ezp. 32. — To ^ow that the presence of chlorophyll is necessary 
for carbon-assimilation and starch-formation in loaves apply the 
iodine test to some variegated leaves (e.g, varieties of Oeranium or 
Ivy). Observe that only the green parts produce starch. Tt is 
advisable to make a careful drawing of the leaf before applying the 
test. Further, it can be observed that in leaves whoso veins are 
colourless, or nearly so (e,g» Primrose), owing to the absence of 
chlorophyll above and below them, the veins stand out from the 
rest of the leaf, wdien the iodine- test is applied, by the absence of* 
starch. 

Exp. 33. — Put a seedling, which has been kept for two days in 
darkness, into a small bottle containing water, so that its roots 
only are in the water. Pour some caustic potash into a wide-necked 
glass jar, and lower the bottle with the seedling into this jar. 
Cork the jar tightly and smear the ed^es of the cork with vaseline ; 
but pass the tube of a funnel containing soda-lime through a hole 
in the cork. The seedling is thus supplied with air, but all the 
carbon dioxide is absorbed by the potash solution and the soda- 
lime. If the leaves be tested after sufficient exposure to light they 
will be found to contain no starch. A control experiment should 
be set up in which the arrangements are the same, except that the 
potash^solution is omitted and gravel is placed in the funnel instead 
of soda-lime. 

Exp. 34 . — Pin to the leaf of a plant, which has beenlcept in 
darkness for at least a whole day, two flat slices of cork opposite 
jpach other on the ^wo sides. Smear a small circular area of another 
'leaf with vaselin^ applying it to both sides. Expose the plant to 
light from morning till late afternoon. Then remove the leaves: 
and app^ the iodine test. No starch will be found in the parts 
proteclm from light or whose stomata , have been blocked by 
v|U9eline. 

Exp. 35. — Tie the leaves of some ordinary land^plants to a stone 
and sink them under water in a gfeiss jar. After siuRcient exposure 
to light tost the leaves ; no starch will be found. If the experb 
ment is repeated with the leaves of a wator-plaht^e.y. the Ameri- : 
can Water-weed (iS/oefea cana^fennsj^it will he found that abundant 
. starch is found. Why? 
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fizpi 36. — ^Plaoe some water plants, e.p. Water Starwort (CaUi~ 
triche) or American Water- weed, in a large glass vessel exposed to 
bright light, and observe the bubbles of gas given olf. Cover the 
vessel with a black cloth so as to cut off the light, ^and observe that 
the bubbling stops after a time. Press a glass funnel down on the 
plants, when they are again exposed to light, and invert over it a 
test-tuTO filled with water, so as to collect the gas given off. That 
the gas is chiefly oxygen is easily proved by its causing a glowing 
splinter of wood to burst into flame. No gas is given off, and there 
is no formation of starch, if tlic water has been boiled, because in 
this case the water .contains no carbon dioxide. 

§ 13. Conditions of Carbon-Assimilation. — It is evi- 
dent there must be a supply of water and carbon dioxide. 
Heat, also, is necessary ; this is a general condition of 
plant-metabolism. Metabolism and growth can take place 
Only within certain limits of temperature. Heat is a 
source of energy and a necessary condition for the initia- 
tion and continuation of all vital processes in plants. The 
more special factors in carbon-assimilation are light and 
the presence of chlorophyll. We have now to consider 
more fully tlie part played by these. . 

§ 14. Light. — In our laboratories we can effect the 
decomposition of carbon dioxide and of water only by the 
expenditure of a large amount of energy — heat energy in 
the former case, electrical energy in the latter. The build- 
ing up of complex substances containing a very small pro- 
portion of oxygen also means expenditure of energy. The 
green plant carries on both these processes at ordinary 
temperatures. Light being an essential factor, we come to 
the conclusion that it is so because it is the chief source of 
energy. The energy used. is stored up in potential form in 
these compounds. 

When a beam of sunlight is passed through a prism it 
is spread out into a band, called the spectrum (which can 
be received on a screen), consisting of many different 
colours, passing gradually from one to the other. This is 
because sunlight consists of many different kinds of rays 
differing in refrangibility, i.e, as regards the angle through 
which they CME6 bent on passing through a prism. , At one 
end of the sp^trum are red rays, which gradually pass 
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through orange and yellow^ tG hhie and violet nays at the 
other end. Now all these rays are not equally activq in the 

E rocess of carbon-assimilation. It has been determined, 
y direct experiment, that the red i*ays are the rays chiefly 
concerned in the process.* 

Ezp. 37.— Obtain a pair of double-walled bell-jars. Fill the 
space betu^een the walls of one of them with a watery solution of 
potassium dichromate, and that of the other with a watery solution 
of copper sulphate, to which ammonia has been added. The first 
solution allows red rays to pass through, the second one blue rays. 
Set each bell-jar on a folded clotli, or in a saucer of dry sawdust, so 
as to shut out any white light. Place under each a plant in a pot 
or a seedling that has been dug out and had its root set in a bottle 
of water. Set both bell-jars in diffused light ; in direct sunlight 
the temperatures in the two would not be the same. The plant in 
the red-orange light will bo found after exposure to light (lot the 
experiment last for two days) to have formed abundant starch ; that 
in the blue light will be almost free from starch. • 

Ezp. 38. — Watch the bubbles of oxygen arising from a submerged 
water-plant (see fCxp. 36), and time the rate of bubbling. When 
this is fairly regular, cover with the blue bell-jar, and notice that 
the bubbling becomes slower after a short time. After about five 
minutes (take several readings during this time) take off the blue 
jar and put on tlie red-orange one, taking records of the rate of 
bubbling as before, noting the increase in red as compared with blue 
light. 

§ 15. Chlorophyll. — This is the green colouring matter 
of plants. It is a very complex substance, consisting of 
carbon, oxygen, hydrogen, and nitrogen. It contains no 
iron, but apparently magnesium is always present. Other 
colouring matters are associated with chlorophyll and are 
Always present f*in chlorophyll as extracted from plants. 
The more important are various yellow pigments (xantho- 
phyll) and an orange-red pigment (carotin). To some 
extent these may be decomposition products, for chloro- 
phyll is very easily decomposed by bright light in the 
presence of oxygen. 

Two conditions, in addition to air and a suitable tem- 
perature, are necessaiyfor the formaiiion or development of 

* Plants may be grown under artificial light, e.g> the electric 
light. 
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chlorophyll: — (a) the presence of light,’* (h) a supply of 
iron in the food. , 

If a plant is grown in darkness, it ifssumes a pale 
yellowish sickly appearance. This is due to tlie fact that 
a yellow colouring matter — etiolin — is developed in the 
corpuscles instead of chlorophyll. Such a plant is said to 
be etiolated. Of course, a plant grown in darkness must 
have some reserve store of food-material to draw upon, as, 
for example, a potato-tuber developing in darkness. Many 
examples of etiolated plants will readily occur to the mind 
of the student, e.g. Celery, grass covered by a roller or a 
board. 

Typical etiolated plants present many other peculiarities. 
Thus the internodes become very much elongated or 
“drawn out.” For this reason the plants are called 
“ drawn plants.” This has an important biological sig- 
nificance. In this way there is a chance of shoots reaching 
the light, as, for example, in seedlings smothered by other 
plants. In etiolated plants, also, the leiives remain small 
and scaly, there is an enormous development of soft succu- 
lent parenchyma and a meagre formation of lignified tissue. 
Large leaves would be useless in darkness ; we might say, 
therafore, that the plant devotes all its energy to the 
formation of long internodes which may be of use to it. 

It has been determined by experiment that the action of 
light in promoting the formation of chlorophyll is due not 
only to the red rays, but also to the blue and violet rays. 

A yellowish, sickly condition is also established if there 
is no iron in the food, the plastids being colourless or con- 
taining etiolin. This condition, due to the want of iron, 
is called the chlorotic condition. It is to be carefully 
distinguished from the etiolated condition due to the 
absence of light. As soon as the plant is supplied with a 
weak solution of an iron salt, even if it is only applied to 
the leaves, chlorophyll is developed. Thus iron is neces- 
sary to the formation of chlorophyll, although it does not 
enter into its composition. 

* In exceptional oases chlorophyll is developed in darkness (opty« 
ledons of Ferns and of a few se^*>e.^. Sycamore, Pmia)^ 

BOT, 12 
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Cliloropliyll can be extracted by means of alcoliol, 
chloroform, etc. If green leaves are boiled in water, and 
then placed in t.lcohol, a solution of chlorophyll is readily 
obtained. A solution of chlorophyll is fluorescent — it is 
green by transmitted light, red by reflected light. 

When a solution of chlorophyll is placed in the path of 
a beam of light, which is then passed through a prism, the 
spectrum is modified. Certain dark bands (absorption- 
bands) appear in the spectrum, more especially in the red 
region. This is because these particular rays have been 
absorbed by the chlorophyll. This leads us to the func- 
tion discharged by chlorophyll. We have seen that the 
red rays are especially active in carbon-assimilation. We 
therefore conclude that chlorophyll is a colouring matter 
which, by absorbing certain rays of light, supplies the 
living protoplasm with the energy necessary for carrying 
on the chemical processes connected with carbon-assimila- 
tion. It may be that the radiant energy is by the chloro- 
phyll-apparatus converted into electric energy. 

Ezp. 39.~Grow seedlings, 6.^. Cress or Mustatd, in darkness, 
then place some of them in a good light, close to a window, and 
note the time required for the production of a distinct green colour. 
Place the others in a dark part of the room, and when they have 
become green test the leaves for starch. These observations will 
show that (a) a green tinge, due to formation of chlorophyll, may 
be developed in an hour or less, in good light ; (&) light too weak 
for photosynthesis is strong enough for the production of chloro- 
phyll. 

Exp. 40. — Place some etiolated seedlings (Cress, Mustard, Bean, 
etc.) in a bottle or small glass jar, cover with a glass plate, and set it 
in a larger jar half filled with water. Keep the water at 30** C. In 
a similar apparatus keex) some of the seedlings in epol water, or water 
kept at 10"' C. , by adding bits of ice from time to time. Compare the 
depth of the green colour developed in the two sets of seedlings after 
an hour or two. 

Exp. 41 , — ^Fill a test-tube with water, invert it in water, and 
pass under its rim some etiolated Mustard seedlings. Though 
exposed to light the seedlings do not become green, owing to lack 
of oxygen. 

Exp. 42. — ^Extract chlorophyll from green leaves by boiling 
them in water, draining off the water, and covering the leaves 
'^Vith alcohol. Then place the dish containing the leaves and alcohol 
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in the dark ; light dcBtroys the colouring matter in the solution. 
Kilter the solution, and place it in a corked bottle. Notice tlie 
colour of the filtered extract by holding the botj^le up to the light, 
and by holding it against a black surface. Obtain a continuous 
spectrum on a screen by fastening on the lens of an optical lantern 
a card with a vertical slit, and holding a prism in the path of the 
light. Hold a test-tube of chloi’opliyll-solution agaitist the slit, and 
notice that the colours in several parts of the spectrum are replaced 
by dark bands. The most prominent dark band appears in the red 
part, but if the solution is strong enough other bauds will be seen in 
the green and blue. 

Exp. 43. — Fill three U*-8t- tubes with chlorophyll extract, cork 
them, and place A in sunlight, 13 in ditfused light, C in darkness. 
Carefully boil some extract in a fourth test-tube 1), and place it 
with A in sunlight. Notice, after a day's ex]>osure, that A 
l)ecoines brown, C is unchanged, while 13 and 11 are only slightly 
changed ; the absence of oxygen in D hinders the destructive effect 
of light. 


§ 16. Formation of Nitrogenous Substance. — The 

elaboration of nitrogenous substance is not so clearly 
understood as that of carbohydrates. Various complex 
soluble nitrogenous substances of the nature of amides 
(e.g. asparagin, C^H^NaO.,) are apparently formed. The 
simplest process leading to the formation of amides would 
be the interaction of sugar and nitrate of potash, the chief 
products being asparagin, which is widely distributed in 
plants, and oxalate of potash. The latter, like oxalic acid 
itself, is poisonous, but it reacts with the calcium salts 
brought up from the soil, forming oxalate of lime, which, 
being insoluble in water, crystallises out and is rendered 
harmless. This is probably one source of the oxalate of 
lime which occurs so abundantly in crystals in plant- 
tissues. These crystals are more abundant in leaves ex- 
posed to full sunlight than in shaded leaves, and in the 
green than in the not-green parts of variegated leaves. 

Nitrate disappears from cut leaves in a few days if they 
are exposed to light ; in variegated leaves the nitrate dis- 
appears only from the green parts. Thus the disappear- 
ance of nitrate from leaves is related in the same way to 
light and chlorophyll as is the accumulation of calcium 
oxalate. 
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However the elaboration of amides be effected, there is 
no doubt that they ai’e, sooner or later, produced as the 
result of synthetic processes. There is some evidence, such 
as that indicated above, to show that liglit is necessary as 
a source of energy, and that the process also depends in 
some way, directly or indirectly, on the presence of chloro- 
phyll. Inasmuch as the previous formation of carbo- 
hydrates may bo a necessary condition for the assimilation 
of nitrogen the influence of chlorophyll on the process may 
be only indirect. The further elaboration of amides into 
proteids (§17) appears to be related in the same way to 
the presence of light and chlorophyll. 

Eqtp. 44 . — Place young and old leaves of Horse Chestnut, Elm, 
etc., in strong solution of chloral hydrate, which makes them trans-' 
parent, and examine with the microscope. Notice the abundance of 
oxalate crystals in old as compared with young leaves, in leaves 
growing in full sunlight as compared with leaves from the shaded 
part of the tree, in tlie green as compared with the non-green parts 
of variegated leaves. 

Szp. 45. — The presence of nitrates in a leaf can be detected by 
cutting rather thick sections of the blade or the stalk, placing them 
on a glass slide, and adding a drop of dix^henylamine sulphate : if 
nitrates are present, a deep blue colour appears. Cut off the leaves 
of various plants and test them in this way ; if they give the blue 
colour, set other leaves in the light with their stalks in water, and 
after a few days test again for nitrates. Test in the same way 
(1) the leaves of plants exposed to bright light, and compare with 
leaves of plants of the same species kept in deep shade, (2) varie- 
gated leaves of a plant exposed to bright light. 

§ 17. Tranference and Destiny of the Elaborated 
* Componnds.'-^bus we have explained, as far as possible, 
the building-up of soluble carbohydrates (sugars) and 
soluble nitrogenous compounds (amides) in the assimi- 
lating cells — chiefly the inesophyll cells of leaves. With 
the exception of what is made use of in the assimilating 
cells, the sugars and amides are transferred to the various 
parts of the plant. All living cells contain these soluble 
Carbohydrates and nitrogenous compounds conveyed to 
them in the cell-sap. The living protoplasm makes use 
of these as food substance. Toge&er with sulphur and 
phosphorus derived from sulphates and phosphates, they 
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are built up first of all into proteid substances, and, 
finally, into protoplasm. This final elaboration is most 
active where rapid growth is taking place, i.e, at growing 
points. 

Many of the soluble compounds, however, are made use 
of in the formation of insoluble storage compounds. The 
formation of starch in the chloroplasts, to which we have 
already referred, is only one example of this. Storage 
products may bo formed in any living cell, but the forma- 
tion is specially abundant in particular tissues or organs, 
e.g, medullary rays of trees, seeds, bulbs, corms, rhizomes, 
etc. The formation and uses of these products are ex- 
plained in §§ 21 and 23. 

In the process of transference from the assimilating cells, 
the sugars and amides may, to a certain extent, pass from 
coll to cell by simple diffusion. But a more rapid trans- 
ference is effected through the phloem-tissue. In this way 
they are quickly conveyed to regions whore rapid growth 
is going on, or where a storage of food-material is taking 
place. 

Formerly it was thought this rapid transference was 
effected through the sieve-tubes only. It is now certain 
that the phloem-parenchyma (and the neighbouring paiun- 
chyma of the ground-tissue) is chiefly concerned in the 
transference of the carbohydrate material. This also may 
apply to the nitrogenous substance. According to some, 
there is a formation of proteid or albuminous substance in 
the phloem-tissue, and they regard the sieve-tubes as being 
temporary store-places of these products. We have seen 
that the sieve-tubes do contain such substance. 

One of the chief forms in which sulphur enters the 
plant is calcium sulphate. The sulphur is liberated, 
and thus enabled to combine with the organic food sub- 
stance, by the action of an organic acid. This acid 
appears in many cases to be oxalic acid. The calcium 
of the sulphate combines with the oxalic acid to form 
calcium oxalate. 

Exp. 46. — Place a Bean seedling or a Garden Nasturtium (try 
various other plants) in darkness for a few days, then remove 
some leaves and test them for sugar by boiling tliem iti Fehlibg's 
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solution.* There will be little or no red colouration, showing that 
sugar is absent or nearly so. Expose the plant to sunlight for 
several hours, then place it in darkness (after having tested some 
leaves, or parts of leaves, for starch), and after a time test some 
leaves for sugar, which will be indicated by 
the red colour produced around the veins. 
If the presence of sugar is detected in this 
way in the leaf-blade, test sections of the 
leaf -stalk at different levels, to find Out by 
what paths the sugar travels towards the 
Bteiii. Also test sections of tlie stem itself. 

Exp. 4^ . — ^lake two cuts round the lower 
part of a Willow twig, about an inch apart, 
and remove the soft outer tissue of the stem 
between these cuts, so as to leave only the 
h.ard woody portion of the stem for this dis- 
tance. Then set the twig in water (which 
should be changed every day) or in culture- 
srilution, and notice that it begins to sprout 
after a few days (Fig. 109). Below the 
injur}'^ the development of buds and new 
roots takes place out slowly, whereas above 
it new roots are rapidly formed. 

This experiment usually succeeds best in 
spring or early summer. Later in the year 
it is Jidvisable to remove the leaves in order 
to diminish the loss of water, since there are 
no roots on the cutting to keep up the supply 
of water. The rapid development of buds 
and the formation of roots above the ringed 
part show that food passes down chiefly 
through the soft outer region of the stem. 

§ 18. Use of the ECetallic Elements, etc. — So far, 
in connection with these processes of elaboration, we have 
had little occasiem to mention the metallic elements of the 
food material. Potassium, calcium, magnesium, and iron 
do not enter to any extent into the composition of the 
living substance or of the cell-wall,t yet they are essential 

: * Fehling’s test. Dissolve 35 grammes of copper sulphate in 
200 c.c. of water to make solution A. To make solution B (to be 
kept in a separate bottle) dissolve 70 grammes of Rochelle salt in 
iK)0 c.c of 10 per cent, caustic potash solution. Use e({ual volumes 
of solution A, solution B, and water. 

t Calcium is present in the middle lamella (see p. 43), and iron 
apparently is present in nuclear substance. , 
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elements (p. 166). Now we have seen that iron, although it 
does not enter into the composition of chlorophyll, is neces- 
sary for its formation. This gives us a lynt as to the use 
of the other elements. It would seem that potassium in 
the same way is a necessary condition for the formation of 
carbohydrates, and that calcium and magnesium are neces- 
sary for the proper distribution of carbohydrates. Calcium 
is also of importance in the formation of more complex 
substances from carbohydrates, since it combines with, and 
thus makes harmless, the poisonous by-product (oxalic 
acid) which is formed in these processes. 

§ 19. Eatabolic Processes. — We have hitherto been 
dealing with the anabolic processes of metabolism (p. 14), 
the processes by which simple compounds are huilt tcp 
into complex organic compounds. The final result of 
synthesis is the elaboration of living protoplasmic sub- 
stance. Wo have now to consider the katabolic processes 
(p. 14) in which the complex and unstable substance 
protoplasm undergoes decomposition and breaks down 
into simpler and more stable compounds. These processes 
are intimately associated with growth, and are as essential 
as the anabolic processes. 

All growth takes place from and m the living substance 
protoplasm. While the anabolic processes are concerned 
with the nourishment and building up of living proto- 
plasm, the katabolic processes lead to the formation of 
various substances which are absolutely necessary either 
for carrying on the anabolic processes or for building up 
the tissues, and at the same time set free energy which is 
expended largely in connection with growth. 

As explained on p. 14 the decomposition of the proto- 
plasmic substance is a slow process of oxidation, and the 
substances produced are either plastic substances, secre- 
tions, or excretions. Oxygen passes into the plant in 
respiration and is absorbed by the protoplasm. As a 
reamlt the protoplasm undergoes decomposition. These 
katabolic changes are stimulated or influenced in various 
ways by the action of external agencies, such as tempera- 
ture, light, gravity, etc. 
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§ 20. Sespiration. — In this process oxygen is absorbed 
by all parts of plants. There are no special respiratory 
organs in plantj^, but the absorption of oxygen is most 
rapid in the regions or organs where the katabolic pro- 
cesses are most active, e.g, leaves, growing points, germina- 
ting seeds. Carbon dioxide is given oft as an almost 
invariable excreted product arising from the decomposition 
of protoplasmic substance. In aerial parts protected by a 
firm cuticle or a layer of cork, the oxygen enters by means 
of stomata or lenticels. It passes through the cell-walls 
into the interior of the cells in solution. The process of 
respiration is masked during the day, owing to the activity 
of carbon-assimilation. 

The student must carefully distinguish between res- 
piration and photosynthesis (carbon-assimilation). The 
following table indicates the chief points of distinction : — 


Bespiration. 

(a) A breathing proocBS associ- 
ated with katabolism. 

(h) Takes place over whole 
surface. 

(c) O2 passes in, CO2 given off. 

(d) Independent of light and 
chlorophyll. 

(e) Flant loses weight. 


Photosynthesis. 

(ci) A feeding process associ- 
ated with anabolism. 

(h) Only in green aerial parts. 

(c) COo passes in, O2 given off. 
\d) Dependent on light and 
chlorophyll. 

(e) Plant gains in weight. 


There is no constant relation between the volume of 
oxygen absorbed and the volume of carbon dioxide exhaled. 
The latter may be approximately equal to, less, or greater 
than the former. In a few succulent plants it has been, 
observed that carbon dioxide is given off at all, but 
that there is ^ia marked increase in the organic acids 
present in the sap. In this case the process of decom- 
position is not so complete as in other cases, and has 
stopped short of the formation of carbon dioxide, 
i On the other hand carbon dioxide may be exhaled with- 
out any absorption of oxygei^ This can be observed in the 
case of various seeds when made to germinate and deployed 
of oxygen. The necessary oxygen is apparently obtained 
not from outside, but by "decomposition of complex com- 
pounds in the plant itself. This intramoh&ular or anaerohic 



NUTRITION AND GROWTH. 185 

respiration, as it is called, is not a normal process in 
ordinary green plants, which if deprived of oxygen soon 
die; but it is commonly met with in •the Fungi and 
Bacteria, and is closely related to the process of fermen- 
tation. 

XSxp. 48. — Place a bunch of roots, or some onions sliced in half, 
or twenty to thirty germinating peas, in a jar. After a day or 
two lower a liglited taper into the jar and observe that it is ex- 
tinguished ; or pour some lime-water into the jar and observe that 
it becomes milky. These tests show that carl)on dioxide has been 
produced in abundance. This occurs whether the jar is exposed to 
light or not, for with tlie materials used there is no carbon-assimi- 
lation, and re.spiration is equally active under botli conditions. 

XiRp. 49. — Suspend three healthy laurel leaves by threads from 
the well-fitting eork of a large bottle containing lime-water, and 
expose them to bright light. After several hours the lime-water is 
still comparatively clear. Cover the bottle with black cloth, and 
in a few hours the lime-water will become quite milky, owing to 
the respiration being no longer masked by the re-assimilation of the 
carbon dioxide it produces. 



Fig. 110.— The Arrows snow the Direction op the Current op Air, which 
la DRAWN THROUGH BY ATTACIIINQ AN “ ASPIRATOR " AT THE LEFT OP THE 

Apparatus. 

Exp. 50. — Place some green leaves in a glass jar (Fig. 110) 
through which a slow current of air is passed. This air is deprived 
of its carbon dioxide by the potash contained in the U-tube. The 
baryta-water in both (a) and (6) remains elear so long as the leaves 
are exposed to sunlight or very bright daylight, whereas if the glass 
jar is covered with a block cloth the liquid in (af soon becomes 
turbid and milky. 
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Ezp. 51.— To demonstrato intramolooiilar respiration soak six 
peas in water for a day or until the coats can he removed without 
damaging the embryo. Fill a test-tube with mercury and invert it 
in a dish of mercur^y ; then pass the seeds under the open end of the 
tube, when they will float up to the closed end. In a day or so the 
test-tube will be half full of gas. With a bent tube pass a little 
water under the test-tube, so that it will float up to the surface of 
the mercury, then pass up a small piece of caustic potash ; the 
strong potash solution thus formed absorbs the gas. This shows 
that it is carbon dioxide. 

Exp. 52. — Take about forty beans as nearly alike in size and 
weight as possible ; select four of them as samples, and find their 
weight after thoroughly drying them on a water- or sand-bath or in 
a slow oven. Take the diy weight of a seed, found in this way, as 
the average. Sou" half of the seeds in sawdust in a box which is 
kept in darkness, the otlier half in a box kept in full light ; water 
both lots about equally. At the end of each week remove three' 
seedlings from each box, wash the roots in running water (do not 
leave any in the sawdust or lose them in any way), and dry them 
thoroughly without charring any part. When quite dry and brittle, 
weigh each lot and obtain the average weight of the solid matter in 
each plant. 

The results may bo plotted on a sheet of squared-paper. As the 
weekly observations proceed trace two curves across the sheet, one 
in black ink to show the weight of the seedlings grown in light, the 
other in red ink to show the weight of those grown in darkness. 
Tlie results will clearly demonstrate the loss of weight associated 
with respiration, and the incrca.se of weight associated with carbon- 
assimilation. It will be found that the dry weight of the seed- 
lings, grown in darkne.s8 decreases, while that of those grown in 
light increases. 

§ 21. Plastic Substances. — We have seen that some 
of these are formed anabolically, e.g, sugars, amides, 
proteids. Tim most important formed katabolically are 
cellulose, stasrch, oil, and very probably proteid grains 
(aleurone grains). Cellulose is formed in all cells where 
the cell- wall is undergoing extension or thickening. The 
others are storage food-substances — as also, is cellulose in 
many seeds {e,g. Date). 

We must now say som^hing more with regard to the 
formation of starch. It was formerly thought that it was 
formed by a direct conversion of sugar effect^ by plastids, 
and that the process might be represented by the equation 
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The view now generally adopted is that starch is not 
formed directly from sugar, but indirectly and hataholically. 
The process is carried on by plastids, usually leucoplasts or 
chloroplasts. The plastids, from the soluble carbohydrates, 
amides, etc., presented to them, huild up their protoplasmic 
substance. The starch formed by the plastid is produced 
katabolically by the decomposition of the living substance 
of the plastid. In the chloroplasts the storage of starch 
is temporary. The starch which is formed there during 
the day disappears at night. In tubers, seeds, etc., the 
storage in connection with leucoplasts is more enduring. 

Starch and cellulose are the chief forms in which carbo- 
hydrate is stored up. In some plants, however, other 
•forms of carbohydrate are found, e.g. inulin (p. 37), 
grape-sugar (in Carrot), cane-sugar (in Beet and Onion, 
p. 173); the formation of these, also, may be katabolic. 
Aleurone grains (and proteid crystalloids) represent the 
chief storage of nitrogenous substance. As a storage 
product oil occurs in many seeds. 

Ezp. 53. — Cut thin sections of the cotyledons of the Sunflower 
seed or of the endosperm of the Castor-oil seed. Examine these 
in water under the microscope, and ol)scrve the bright, highly 
refractive globules of oil. 'JIjcsc can be dissolved l)y adding ether ; 
those of the Castor-oil are soluble in alcohol. Add potash solution 
to the sections and warm gently ; the globules become cloudy 
(owing to saponifl cation) and are finally dissolved. 

XSxp. 64. — Cut sections of Beet-root. Examine in water and 
observe the coloured cell-sap. Soak the section for some time in 
alcohol, and examine again. Small crystals of cane-sugar will be 
observ^. If to the coloured extract, formed by boiling pieces of 
Beet-root in water, Fehling’s solution (p. 182, footnote) bo added, 
and the liquid boiled, no precipitate of cuprous oxide is formed. 
Cane-sugar diflers from grape-sugar in giving a precipitate only after 
prolonged boiling. 

§ 22. Seeratious and Excretions. — The most impor- 
tant secretions are C 9 lourmg matters (chlorophyll, the 
colouring matter of flowers, etc.), organic acids, ferments 
(see p. 34). The chief excreted substances formed kata- 
bolically are carbon dioxide, resins and gums, tannin, 
alkaloids, etc. (p. 34). It should be noticed that, in plants, 
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there are no special excretory organs. Still, many of these 
excreted subs^nces are got rid of, e.g. in falling leaves, the 
scaling of bark, ‘etc. We find that the leaves of deciduous 
trees become filled with such substances towards the ap- 
proach of winter. So also the bark. Falling to the 
ground these substances are decomposed and brought into 
forms in which they may again be absorbed by plants. 

§ 23. Storage SCaterial — Ferments. — ^The various 
storage forms of food-material are, sooner or later, made 
use of. First of all, however, they must be brought into 
a soluble. diffusible form. This is effected by the action of 
certain soluble nitrogenous bodies of the nature of un- 
organised ferments or enzymes, which, as we have seen, 
are formed katabolically from the protoplasm. These fer- 
ments are substances which have the power of inducing 
important chemical changes without themselves being 
changed. The changes are essentially similar in nature 
to those of digestion in animals. As a result the insoluble 
storage substances are converted into forms in which they 
can Effuse through the organism and serve as food to the 
protoplasm. 

Many of these ferments have been extracted from plants, 
and there are doubtless many more which have not yet 
txjen extracted. There are two forms of diastase which 
act oh starch and convei*t it into malt-sugar. Maltase 
is a ferment which converts malt-sugar into grape-sugar. 
Other ferments, known as proteolytic ferments, act on 
proteids and convert them into soluble peptones, oi reduce 
them to simpler forms (e.g. amides). There is a ferment, 
lipase, which einulsifies fats and oils, and breaks them up 
into glycerine and fatty acids (p. 40), which then undergo 
further alteration ; from the glycerine sugar is formed, and 
part of this may be stored up as starch, which generally 
appears in the cells of the embryo of oily seeds during the 
process of digestion. Th«re are also ferments, oytaee, 
inulase, invertase, acting respectively on cellulose, inulin, 
and cane-sugar. 

The soluble diffusible substances produced are .oft^ 
identical with the soluble substances formed anabolically 
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(sugars and amides), and are used in the same way by the 
protoplasm in building up its substance. The action in 
most cases is one of hydration. This taking-up of water 
is accompanied by decomposition and liberation of energy, 
so tliat ferment-action comes under the head of kataboUsm. 

Exp. 55. — Make thin starch-pastc by shaking up a little ordinary 
starch or Hour with boiling water and letting it stand to cool. Get 
some Pea seedlings in which the radicle has grown out at least an 
inch ; remove the seed-coats, grind the cotyledons up with water, 
and filter through a funnel with filter-paper or thin blotting-paper. 
Pour the starch-paste into white saucers, putting a label on each. 
Leave saucer 1 as it is ; into 2 pour a few drops of iodine solution ; 
into 3 pour some of the watery extiact from the cotyledons. Set 
the three saucers in a fairly warm place, and after a time test 1 and 
3 with iodine solution. Notice that the starch-paste with tlie 
extract in it soon gives only a reddish colour with iodine, and ulti- 
mately remains uncoloured by iodine, showing that the starch has 
disappeai’ed. Taste llie liquid in saucer 3, to which the extract was 
added; the starch has been converted into sugar by a substance 
(diastase) which has been extracted from the cotyledons. 

Ezp. 56. — Squeeze the milky contents of about half a dozen 
sprouting Wlicat-grains into a test-tube or watch-alass with a little 
water, and stir. Filter, add a few drops of Fehliiig’s solution to 
the clear filtrate, and heat. A brick-red colouration indicates the 
presence of sugar. 

Exp. 57- Shake up some linseed oil with its own volume of 
50 per cent, alcohol (diluted methylated spirit) and test it with 
litmus papers ; it is neutral. Add to the mixture some Castor-oil 
seeds which have just begun to germinate (crush or chop them up), 
and test again with litmus after a few hours ; note the acid reaction 
due to fatty acids. 

§ 24. Energy. — Wq have seen that energy is derived by 
the plant partly from heat, chiefly fyom light. The energy 
absorbed is stored up in potential form in the complex 
organic substances formed. In the katabolic processes 
there is a liberation of energy. The liberated energy is 
for the most part made use of again in building up the 
living substance of the plant, so that we may say that th^ 
greater part of the energy which enters the plant is ac* 
cum\4at(^ in potential form in the complex substances 
formed. . 
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But a certain amount of energy is dissipated or given off 
in various ways. A certain amount of energy in potential 
form is, for eiiample, lost to the plant in the various 
complex excreted substances which are got rid of. When 
the katabolic processes are very active, as in the unfolding 
of many massive inflorescences, or the germination of large 
numbers of seeds, a dissipation of energy in the form of 
heat can be recognised ; a distinct rise in temperature is 
noticed. Again, many plants show movements of various 
kinds ; growth itself may be regarded as a slow form of 
movement. This also means a loss of energy to the plant. 

XSzp. 58. — To demonstrate the heat produced by respiration 
take three tumblers or jars each having a cork with a hole in the 
centre through which a thermometer is passed. First compare the' 
readings of the three thermometers by placing them together in 
water at different temperatures. Half fill one jar with soaked 
seeds (peas, beans, wheat, or barley answer well) ; the second with 
seeds tliat have been killed by boiling (add some corrosive sublimate 
to the water to prevent growth of moulds or bacteria) ; the third 
with moist sawdust (as a control). Place the three jars, with 
thermometers inserted to e([ual depth in each, in a box, and put 
dry sawdust between and around them ; cover the whole with a 
bell-jar t)r a dry cloth, and compare the readings of the thermo- 
meters at the start of the experiment and then at intervals of a few 
hours. 

§ 25j, Movement in Plants. — Movement may be exhibited 
(a) by the protoplasm of single cells, (6) by, growing members, (c) by 
fully grown members. The movements are either spontaneous, i,e, 
due to internal causes, or induced by the action of external stimuli. 
The movements exhibited by fully groion members, spontaneous or 
induced, are usually brought about by alteration in the turgidily of 
cells, and are known as movements of variation. 

Movements induced by external stimuli are considered fully in 
Chapter VII. The following are a few examples of spontaneous 
movements : — {a) The protoplasm of some cells shows an irregular 
streaming movement along the primordial utricle and protoplasmic 
strands ; this is known as the circulation of protoplasm, and 
can readily be observed in the cells of the staminal hairs of 
TradescarUia, In other oases tiiere is a more regular nfovement of 
protoplasm round the inner surface of the cell-wiul ; this, the rota- 
tion of protoplasm, can be seen in the cells of the leaf of Elodea 
canadeima (the Canadian Water-weed). (6) The best example of a 
spontaneous growth movement is that known as nutation described 
in §27. (c) The terminal leaflet in the common Red Clover, 
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Trifolium pratenatt shows a very slow swaying or oscillating move- 
ment wiili a period of about three hours. It occurs in darkness 
only. A similar movement is exhibited by the ^lateral leaflets of 
the Wood Sorrel. The significance of the movement is not known. 

§ 26. Growth takes place as the visible result of all 
these metabolic processes. The conditions necessary for 
the healthy growth of a green plant are a supply of food- 
material, moisture, oxygen, light, a suitable temperature, 
and a condition of turgidity in growing cells. We have to 
take into account not only the formation of new cells, but 
also the growth of individual cells. 

In the anabolic processes there is the building up of the 
living substance, and this is accompanied by the storing up 
of energy. In the katabolic processes there is the forma- 
tion, from the protoplasm, of certain substances necessary 
for building up the tissues, or for carrying on the various 
metabolic processes ; the digestion of stored food-material ; 
and the liberation of energy which is made use of in meta- 
bolism. Under normal conditions the formation of organic 
substance and the storage of energy are greatly in excess of 
the loss of substance and the expenditure of energy. This 
increase in the total amount, however, cannot be regarded 
as the distinguishing feature in growth, for, as we have 
seen, in plants which grow in darkness at the expense of 
stored material there is a decrease in the total amount. 

Growth takes place when there is an increase in size 
accompanied by a ^permanent change of form as a result of 
various metabolic and developmental changes. 

In many cases we can recognise a teni'porary increase in 
size without growth taking place, as, for example, when 
cells become turgid. And we may even have the fomiation 
of new substance, afid yet no growth in the strict sense. 
For example, in a living cell new substances may be formed, 
and new particles of cellulose be laid down in the cell- wall 
(thickening of cell- wall) without the cell increasing in size 
or altering its form. 

§ 27. Properties of Growing-Points. — (1) Generally, 
when growth begins in any organ or cell, it proceeds slowly 
at first, but gradually quickens until it reaches a maximum, 
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after which it slows down until the energy of growth is 
exhausted, and the organ or cell acquires its permanent 
form. The time taken to pass through the whole cycle is 
called the grand period of growth. 

At the tips of stems and roots, the growth is greatest, 
not at the point where there is most rapid division of 
cells, but at some distance behind this point; that is, 
the formation of new cells is most abundant at the apex, 
but the growth and increase in size of the cells take 
place chiefly at some distance behind the apex. The free 
end of a root shows sevei’al distinct regions, easily recog- 
nised: (a) tlie growing-point, covered by the root-cap; 
(b) elongating or growing region ; (c) region bearing 
roots-hairs; (d) thickening region, where also rootlets 
are produced. 

The growth of a bud while it is unfolding affords 
another example. In the bud the internodes are ex- 
tremely short. Eapid elongation takes place when the 
bud begins to unfold. In some cases growth may con- 
tinue for a long time in the internodes, 
although they are far removed from 
the apical meristem, e.g, the lower part 
of the internodes in Grrasses. Simi- 
larly, the rapid growth of the leaf is 
effected when unfolding, although all 
the cells of the leaf are pi'esent in the 
bud-condition. 

Exp, 59. — ^In a jar containing some water 
fix a soaked bean or pea by means of a long 
pin passing through the cork and cotyledons 
(Fig. HI). Observe the escape of the radicle 
and its downward growth. When the radicle 
is about an inch long, mark it by Indian ink 
lines, starting at the tip and making a trans- 
verse line every 2 mm. in.) or 3 mm. 
(kin.). Replace the seedling in the jar, and 
notice that after a day or two the lines are no 
longer the same distance apart, but that those 
near the apex of the root have longer interspaces between them. 
Further examination will show that growth in length takes place 
almost entirely in the region just behind the root-cap, andgradu* 
ally decreases in the regions farther removed from it. 



Fig. 111. — Qerminat 
INO Pka, showing 
Orowtr. in Lenotu 
.OF THE Radicle. 
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Szp.60 . — ^Make similar observations with stems, putting the 
marks ^ inoh apart. Suitable plants are Sunflower and Bindweed 
( Polygonum Convolvulua), 

• 

(2) The elongation of the growing point (stem or root) 
is not in a straight line. As it elongates the growing 
point may move from side to side in a zig-zag course, 
or describe a spiral. The reason is that growth is not 
eqiial all round the growing point. If the growth is 
more rapid, flrst on one side and then on the other, the 
zig-zag movement is produced. The spiral or revolving 
movement is due to a wave of more rapid growth pass- 
ing roimd the growing apex. This movement, of what- 
ever kind, is called nutation or circumnutation. It 
ip of importance in tendrils, where the revolving move- 
ment brings the nutating part in contact with a support 
round which it coils. The coiling of the tendril round 
the support is a movement induced by the stimulus of 
contact (see p. 211). 

Leaves (and other dorsiventral organs) show a pheno- 
menon somewhat resembling nutation. During the early 
stages of growth the lower or dorsal surface grows more 
rapidly than the upper. This phase of growth is known 
as hyponasty, and in consequence the leaves are folded up 
in the bud condition. Later the upper surface grows 
more rapidly (epinasty) and the leaves unfold. We 
may compare with this the growth of the plumule in 
many germinating seeds. In the Bean, for example, one 
side of the plum^e at flrst grows faster than the other 
(Jvyponasitj). This causes the arched form in which the 
plumule reaches the surface of the ground, being thus 
guarded from injury. The other side then enters on its 
rapid period of growth (epinasty)^ and the young shoot 
straightens out. 

(3) The cells at growing points are always turgid. 
There is a rapid osmosis of nutritive substances into the 
cells. This is always the case where metabolic processes 
are actively going on. The metabolic processes disturb the 
general equmbrium as regards the distribution of nutritive 
substance, and at the same time lead to the formation of 
osmoticaUj aoriye substances. Hence wato with nutritive 

BOT. ' 13 
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substances m solution are drawn into these cells from 
neighbouring cells. Turgidity is an essential condition of 
growth ; turgi(Jity brings about temporary changes in form 
which are rendered permanent by the formation of new 
substance. 

A condition of turgidity in living cells causes consider- 
able tension (or pressure) in the tissues, not only at growing 
points, but also in fully grown members. The epidemris, 
being a firm and rather inextensible membrane, will be 
stretched to some extent by the turgid cells within, and 
these again will be compressed owing to the inextensible 
nature of the epidermis. The pith, for example, in stems 
and petioles tends to expand, but is prevented by the outer 
tissues. 

The tensions may be longitudinal or transverse. The 
longitudinal tension in a stem may be easily demonstrated 
by splitting longitudinally the growing apical region of a 
succulent shoot {e,g. Elder). It will be found that the two 
halves bend away from each other, more especially if the 
shoot be placed in water. This is due to the elongation of 
the pith, which will be found to present a convex surface. 
If the root of a seedling Bean be similarly treated it will 
be found that the halves bend slightly inwards, because, in 
this case, it is the inner tissues that are stretched. The 
existence of transverse tension can be demonstrated by 
removing a complete ring of the outer tissue from a succu- 
lent stem ; on trying to replace it, it will be found that it 
does not go quite round owing to the expansion of the 
inner tissue. 

Ezp. 61. — S]^t a Dandelion stalk longitudinally into four strips, 
and notice thatreach strip at once becomes curved, with the epider- 
mis on the concave side. Place some strips in water, others in 
strong (about 10 per cent.) salt solution, and observe the differences 
in the curvature caused by the changes in the turgidity of the inner 
tissue*— *.e. that nearest the centre of the stalk. 

Ezp. 62.— Take a long petiole of Rhubarb. Gut the ends sq^uare 
and carefully measure its length. Then remove the cortical tissue 
in longitudinal strips. It will be found that these strips are shorter, 
and the remaining cylinder of pith longer, than the original length 
of the petiole. 
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§ 28. Phenomena connected with Fresenre.— The formation 
of intercellular spaces is evidently due to differences in pressure 
and tension in the growing cells. This also partially explains the 
difference between spring and autumn wood, andHhe formation of 
annual rings in the wood of trees. During the summer, when the 
cambium is active, there is a gradual increase in the transverse 
pressure in the stem, both the wood inside and the bast outside the 
cambium being compressed (see p. 106). During the winter, when 
the cambium is inactive, the pressure is relieved. 

Occasionally, owing to this pressure in the secondary wood, the 
walls of some of the parenchymatous cells of the wood are forced 
through the pits into the cavities of the wood-vessels. The portion 
of the cell which bulges into the vessel is cut off by a wall ; cell- 
division takes place in it, and a mass of parenchyma is formed 
inside the vessel. These masses are called thyloses. They are 
formed just before the xylem passes over into heart-woody and help 
to close the cavities of tlie wood- vessels. 

§ 29. Bate of Growth in Stems. — simple method 
for the measurement of the rate of growth in length and 
its distribution has been indicated in Experiments 59 and 
60, p. 192. 

The rate of growth in length of a stem may be measured 
by putting a mark on the older part of the stem, and 
measuring the distance from this to the apex at regular 
intervals. It may also be measured by means of an appa- 
ratus called the anzanomoter. A fine cord of plaited 
silk is attached to the apex of the plant ('growing in a 
pot). The cord passes over a pulley fixed above, and to 
its other end a weight just sufficient to keep the cord 
tight is attached. The distance through which the weight 
descends in a given time indicates the rate of growth. A 
horizontal needle or index may be fixed to the weight, and 
the distance read off on a vertical scale. This is the 
simplest form of the auxanometer. Many refinements are 
introduced into the more elaborate forms. 

The results may be plotted on squared paper. With a 
rapidly growing stem a good curve can be obtained by 
taldng readings every three hours. It is found that if 
minor irregularities be neglected, there is a more or less 
regular, variation of growth corresponding to the alter- 
nation of day and night. Growth increases at night and 
diminishes during the day. The maximum is appai^ntly 
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attained in the morning just after the plant is again 
exposed to light, and the minimum in the evening. This 
variation of growth during every twenty-four hours is 
called the daily ^period of growth in length. It represents 
the influence on growth of variations in light, temperature, 
transpiration, etc., associated with the alternation of day 
and night. 

Special Modes of Nutrition in Flowering Plants. 

§ 30. Parasites and Saprophytes (see p. 16). — Some flowering 

P lants obtain their food by living as parasites or as saprophytes, 
'arasites and saprophytes are distinguished as total or partial^ 
according to whether they get the whole, or part only, of their food 
in these ways. Plants which have no chlorophyll are necessarily 
total parasites or saprophytes, since they cannot use free carbon 
dioxide, and must obtain carbon in the form of organic compounds. 

§ 31. Total Parasites. — Dodder, Broomrape, and Toothwort 
are British examples of flowering plants which, being almost or 
quite devoid of chlorophyll, are practically total parasites. 

The Dodder (CtisctUa) belongs to the Order Convolvulacese. The 
commonest species are C, TryoUiy the Clover-dodder, and C, Euro- 
pcBOj which infests hops, nettles, and other xdfl'Uts. The seed, 
which contains a thread-like embryo embedded in endosperm, 
germinates late in the spring when the plants which serve as hosts 
have already developed their shoots. 

The seedling sends a little club-shaped root into the ground, 
while its shoot elongates rapidly and at the same time sweeps round 
in the air in widening circles. If it meets with a suitable hosty such 
as Gorse, Thyme, Hop, Heather, Nettle, etc., the Dodder-stem 
twines round the host plant and develops suckers or haustoria 
which eat their way to the bundles of the host. The i^lem and 
^ phloem of these qjfgans fuse with the xylem and phloem of the host, 

‘ and thus the parasite obtains supplies of organic food as well as 
water and salts. Meanwhile the root of the parasite dies off. The 
thin reddish stem branches copiously and produces small scaly 
leaves and numerous small clusters of flowers. If the Dodder seed- 
lixm does not happen to reach a host plant it soon dies. 

The Toothwort and Broomrapes are root-parasites — i,e, their 
roots are attached to, and absorb both inorganic and organic food 
from, the roots of other plants. They belong to the Order Orohan- 
chaceas. The commonest British species of Broomrape are the Great 
Broomrape {Orohanche mc^'or), which grows ohiei^ on the* roots of 
Broom and ^rse, and the Lesser Broomiape lO^ minor), whioh^ 
grows on various plants, 
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The Tooth wort (LaiJiraea sqwimaria) has a creeping underground 
stem (rhizome) bearing crowded fleshy leaves, and erect stems l^ar- 
ing flat scales and ending in a spike or raceme ^of flowers. The 
Toothwort grows chiefly on the roots of Hazel, into which it sends 
parasitic roots, and is found in woods. The hollow leaves on the 
underground shoots were formerly regarded as traps for insects, 
which were supposed to be held fast and digested by the glands 
lining the branching cavity in each of these leaves. This idea has 
recently been shown to be erroneous ; their probable function is to 
excrete excess of water absorbed from the host plant. 


§ 32. Partial Parasites are plants which contain chlorop 
and have ordinary foliage leaves, so that they can make at least 
part of their organic food by photo- 
synthesis, while they draw their sup- 
ply of water and dissolved salts from 
a host-plant. 

When the seed of the Mistletoe 
(whose sticky fruits are carried by 
birds) germinates on the branch of a 
suitable tree (Apiple, Poplar, Oak, 

Hawthorn, etc.), the radicle pene- 
trates the host, and the woody tissues 
of the two plants become continuous 
(Fig. 112). 

Several members of the Foxglove 
family (ScropMdariacece) are partial 
parasites. Examples are the Yellow 
Kattle, Lousewort, Eyebright, Cow- 
wheat, and Bartsia, Most of these 

S lants grow in swampy grass-flelds. 

'hey have chlorophyll and ordinary 
roots, but where their roots come into 
contact with the roots of grasses, 
swellings (suckers) are formed, from which parasitic roots 
the grass-roots. The suckers are formed in spring, an( 
the summer they absorb food from the living grass-roots 



Fig. 112. — Yoiino Mistlbtob 
Plant, with Twig of Host- 
Plant IN Section. 


»w into 
through 
g grass-roots ; during 
this time they contain little or no starch. In late summer and 
autumn organic food is absorbed from the dead grass-roots, cmd the 
suckers then store reserve food. Lousewort and Ba/rtaia can grow 
even when unable to attack the roots of other plants, but this 
apparently does not apply to the other types. 

«. — British examples of totally sapro- 


ipn 

its are the Bird’s-nest {Monotropa) and ‘the 


^ 33. Total 8a] 
phytic flowering 

Bird’s-nest Orchid* {Neottia)^ both found in thick leaf -mould (humus) 
of woods. Both: plants have the lower part of the stem covered 
With a mass of short, thick roots (hence the name “Bird’s-nest”), 
and. the fleshy '^pe^ part of the stem, ending in a raceme of flowers, 
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bears small yellowish-brown scales instead of green leaves. Mmio- 
tTOfpo. belongs to the Heather family (Ericaceae), while Neottia is 
allied to the Tw%yblade Orchid {Listera). 

In both cases the plant is unable to grow in soil which contains 
no organic matter, and it is enabled to make use of this matter for 
nutrition by the help of a “fungus-servant.” Some of the fungus- 
threads which permeate the leaf -mould form a dense matting on the 
surface of the roots of Momtropa, and in Neottia these threads 
penetrate the roots and actually grow inside the living cells of the 
cortex. In this way the higher plant is supplied with soluble 
organic food which it could not aosorb in the ordinary way by 
means of root-hairs. 

In these two plants it appears that the whole of the food is 
obtained by the aid of the fungus-threads. The fungus by its 
association with the i‘oots also gains certain advantages — e.g. shelter 
from drouglit— so that the arrangement is an example of sym- 
Mosis, 1 . 6 . a union or association of two organisms in a common 
life, both deriving benefit. This particular kind of symbiosis, 
namely, an association of a fungus with the roots of a higher plant, 
is called a mycorhiBa. Symbiosis must be carefully distinguished 
from parasitism, where one organism lives at the expense of another. 

There is no dividing line between total and partial saprophytes ; 
even Neottia has some chlorophyll. 

§ 34. Partial Saprophytes also obtain food by means of a 
mycorhiza ; but since they have green leaves, and therefore carry 
on photosynthesis, the higher plant is not so completely dependent 
on its fungus-servant. The roots of most forest trees, and of many 
other plants which grow in the rich humus of woods and plantations, 
have an external (ectophytic) mycorhiza like that of Monotropa^ 
while in Ericaceae (Ling, Heaths, Bilberry, etc.) the mycorhiza is 
usually internal {endophytic) as in Neottia. Most of the plants grow- 
ing in the peaty soil of heaths and moors have mycorhizas ; &is is 
the case, for instance, with moorland grasses, though apparently 
not with Sedges and Rushes which grow in the wetter boggy parts. 

In tlie case of partial sajirophytes, it is probable that the free 
fungus-threads Which project from the surface act as root-hairs, 
and absorb water and inorganic salts in addition to organic com- 
pounds. The latter are probably chiefly absorbed for the sake of 
the nittogen they contain, since the green plants can absorb carbon 
dioxide from the air. Plants provided with a mycorhiza produce 
few or no root-hairs, since the projecting fun^s-threads form a far 
more effective means of absorbing food-matenals. 

■af- ; • ’ ■ 

§ 35. AsBimllation of Kitrogon by Legupiiiious Plants. — 

The Jree nitrogen .of the atmosphere, although abundant, is not 
made use of by the green plant. There is, however, one important 
order of flowering plants, the Leguminosm (the Pea, Beeai, Clover 
onler), in which Sie nitrogen of the atmosphere is vndvreod/y used. 
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It was for a long time recognised that leguminous plants would 
readily grow in a soil containing little or no combined nitrogen, and 
that as a matter of fact the soil was often richer in nitrogen after a 
leguminous crop had been grown. These facts, -vfhich were at first 
extremely puzzling, have now been explained. Numerous small 
nodules or tubercles are found on the roots of these plants. When 
the tubercles are examined they arc seen to be filled with small 
oval unicellular bodies called bacterioids (or bacteroids). These 
are probably bacteria, although some regard them as the spores of a 
fungus. Thev are always present in the soil and infect the roots of 
leguminous plants through the root-hairs. In the root-hairs they 
give rise to fine tubes which, making their way into the cortical 
tissue, stimulate it to active growth and thus lead to the forma- 
tion of tubercles. The developing tubercles are rich in starch, 
and later each receives a brancn from the vascular bundle of the 
root. 

. The bacteroids which are found in the fully grown tubercle are 
developed inside the invading tubes. Analysis shows that the 
tubercles are very rich in nitrogenous substances, also in potash and 
phosphorus, and they seem to develop best in soils which are poor 
in nitrogen compounds. The tubercles do not develop in plants 
grown in garden or field soil which has been heated so as to kill any 
organisms present in it. On the other hand, they grow on roots of 
plants which have been germinated in garden soil and then placed 
in culture solution. 

There can be no doubt that we have here an example of symbiosis. 
The bacteroids apparently make use of the free nitrogen of the air, 
and bring it into combination, just as some bacteria in the soil do 
(p. 164) ; and it is probable that, wliile the leguminous plant gets 
the benefit of the nitrogen-compounds (nitrates) formed, the bacteria 
are supplied with carbohydrates (sugar) manufactured by the green 
plant. The arrangement may be regarded as a special kind of 
myoorhiza. 

§ 36. CarniTorons or InsectiYoronB Plants obtain part of 
their nitrogenous food by catching insects in various w^ays, by 
means of modified leaves, and afterwards absorbing the soft parts 
of the insects. The British insectivorous plants are the Sundews, 
Butterwort, and Bladderwort. 

The Butterwort (Pinguicula) grows on wet ground and is especially 
common in hilly districts. ^ The plant has a basal rosette of broad 
leaves, whose upper surfaces are covered with sticky glands, while 
the margins are rolled inwards slightly. Small insects are caught by 
the sticky secretion and washed by rain to the edge of the leaf, 
which curls inwards and encloses them ; the glands secrete digestive 
ferments, absorb the products, and then the leaf becomes unrolled 
again. 

JOrosera rotundtfolia^ the commonest species of Sundew, is found 
in bogs. Its leaves l^ar numerous stalked glands or tentacles 
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which secrete a sticky fluid (Fig. 113). If an insect adheres to the 
tentacles, they bend down upon it and pour out a fluid which has 
the power of digesting, and rendering solu- 
ble, albuminous or proteid substances (white 
of egg, meat, etc.) in a similar manner to 
that occurring in the stomach of an animal. 
The secreted fluid is re-absorbed, together 
with the soluble nitrogenous products (pep- 
tones). When digestion is completed, the 
tentacles resume their former position, and 
are then ready to capture another insect. 
The tentacles may be stimulated to move- 
ment by continued contact with any solid 
substance, but apparently no digestive fluid 
is secreted unless a suitable organic sub- 
stance — e.g. a piece of raw meat or of boiled 
Ggg-Albumen — is placed on the leaf. 

Pig. 113 .— Leap of Bladder wort ( Utricvlaria) is a sub- 

’ Dr^eba. merged water-plant which has no roots ; the 

Tentacles expanded on submerged parts show no clear division into 
the right ; partially in- leaves and branches, but are finely divided, 
the left!^^*^ flowering shoots project above the 

® ® water. The submerged parts bear curious 

bladders, each with a trap-door or valve 
which is easily opened by a push from the outside, so that small 
animals (insects, water-mites, water-fleas, etc.) cannot escape once 
they have entei^ the bladder. When these animals die, their 
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upper surface three long sensitive hairs. When one of these is 
touched by an insect, the two lobes of the leaf snap together and 
capture the insect. Digestion occurs as in Sundew. The leaves of 
Venus’ Fly-trap are only slightly sensitive to chemical stimuli, but 
if the closing of the lobes has been caused by an insect they press 
tightly against each other and hold the insect fast, whereas the 
closing remains incomplete, leaving a wide space between the lobes. 



Fig. II 6 .--P 1 TCHKR OF Nkpenthes Fig. 116 .— Pitcher of 

DISTILLATOBIA. i^ARBACKNIA. 

if the hairs have been touched by, say, a pencil. In the latter case 
the leaf opens again, but if an insect has been caught the leaf 
remains closed until the digested products have been absorbed. 

In the Pitcher Plants, of which Nepenthes (Fig. 1 15) is the best 
known example, the whole or a part of the leaf is developed as a 
pitcher, with a lid attached to one side of the opening. The pitcher 
may be regarded as a long tubular peltate lamina. The bottom of 
the pitcher contains water, usually swarming with bacteria, and, 
in Nepenthesy a digestive fluid (pepsin) is secreted, so that the 
insects falling into the liquid are first drowned and then digested. 

In ^ormcema. (Fig. 116) there is no ferment; the bodies of the 
insects are decomposed by the action of bacteria, and the soluble 
products absorbed. 

In these and other Pitcher Plants the lids of the pitchers arc 
often brightly coloured and serve to attract insects, but they have 
no power of movement, and cannot close when once they have 
opened. The riin of the pitcher also bears honey-glands, which 
help in attracting insects ; toIow the rim there comes a ame covered 
witn small glands sunk in pits on the inner surface of the pitcher,, 
then comes a smooth slippery region, the lower part of which has' 
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hairs pointing downwards, and finally the lowest part containing 
water. Insects crawling over the gland-bearing upper region soon 
reach the slippery, zone, and are prevented by the hairs below this 
from crawling up again, so that they eventually fall into the liquid 
and are drowned. 

Most insectivorous plants have enough chlorophyll to enable them 
to make all the organic food they need, and they can grow quite 
well when not supplied with insects. When fed with insects, raw 
meat, or boiled egg, however, the plants become stronger, flower 
more freely, and produce stronger and more numerous seeds. Most 
insectivorous plants grow in poor swampy soil, which is usually 
deficient in nitrates and other available nitrogen-compounds. By 
the capture and digestion of insects they obtain supplies of nitro- 
genous food independently of the soil, and can in this way grow in 
localities which would otherwise be unsuitable. 



CHAPTER VIII. 

THE PLANT AND ITS ENVIRONMENT. 

§ 1. Irritability is one of tlie fundamental properties 
of protoplasm ; in other words, it belongs to the nature of 
living protoplasmic substance that it is capable of receiv- 
ing impressions from, Le, of being stimulated by, various 
external influences and of making certain responses to 
these stimuli. The consideration of this fundamental 
property opens up the whole question of the plant’s rela- 
tion to its environment. It is this property which brings 
the organism ** into touch ” with its surroundings. On 
it ultimately depends the harmony which is everywhere 
exhibited between a plant and its environment. 

The mature organs of plants, in many cases, make 
responses to the action of external stimuli, but such re- 
sponses are best exhibited by the growing organs. In 
growth the vital activity of the protoplasm is constantly 
subjected to, and modified by, the stimulating influence of 
external agencies. 

The response made is commonly of the nature of a 
movement more or less definite. Such movements due to 
external stimuli are called induced movemenie^ and are to 
be distinguished from the spontaneous movements referred 
to on p. 190. 

§ 2. Stimuli. — By a stimulus is meant any disturbing 
external influence which excites a response on the part of 
the plant. We have seen that a suitable temperature, a 
sup^y of oxygen and water, and also frequent exposure to 
light are essential conditions of healthy development in 
ordinary green plants. The vital functions cannot be 
discharged at all when they are wanting. The irritability 
of the protoplasm also depends on, these conditions. This 

20S - 
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normal influence of ligM, etc., on which all vital activity 
depends, may be spoken of as a tonic influence. Apart 
from this, howei er, a stimulating influence may be exerted 
when any one of these factors varies or alters in any way. 
Other stimuli are gravity, and mechanical contact or 
pressure; and plants can also respond to various chemical 
stimuli. 

§ 3. Light. — The protoplasm of a green plant, as we 
have indicated above, is in a healthy condition — a condi- 
tion of tone — only if sufficiently exposed to light. The 
protoplasm loses its irritability, and a pathological condi- 
tion is established, if the plant is kept for some time in 
darkness. The healthy condition due to sufficient expo-, 
sure to light is known as phototonus. For each plant there 
is a certain intensity of hght for which this healthy condi- 
tion is best established. We have more especially, how- 
ever, to consider the stimulating action of light. 

(a) Paratonic Influence of Light . — Variation in the 
intensity of light acts as a stimulus on plant members 
(mature or growing). This is spoken of as the paratonic 
influence of light. It is well shown by the action of light 
on the chloroplasts in the palisade cells of leaves. In 
diffuse light the chloroplasts place themselves along the 
outer and inner walls of the cells and are therefore as 
freely exposed as possible to the light. This arrangement, 
or rather this movement by the chloroplasts, is called 
epistrophe. In bright light the chloroplasts place them- 
selves along the lateral walls of the cells and are therefore 
^Q^ore or less screened. This is apostrophe. The bio- 
logical import -6f this will be evident if the student 
remembers that intense light causes decomposition of 
chlorophyll. 

Again, movement is in many plants induced by the 
variation in intensity of light associated with the alterna- 
tion of day and night. Many leaves which are freely 
expanded during the day droop and turn their edges up- 
wards at night; if the leaves are compound, the leaflets 
close up. These variation movements (p. 190) are spoken 
of . as nyctitropie movements or ** sleep-movemmts?* 
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We have examples in the leaves of the Sensitive Plant, 
Wood Sorrel, Bean, and Clover. The drooping or closing- 
up of the leaves is brought about by ^ change in the 
turgidity of the parenchymatous cells of the pulvinus 
(p. .132). The significance of the movements is that at 
night the leaves lose less water by transpiration, and are 
protected from cold. 

The same or similar movements may be induced in these 
plants during the day by increased illumination. When 
the light becomes too intense the leaves either assume the 
drooping night position, or bend upwards and present 
their edges to the light. In this position (known as 
** diurnal sleep^') the leaves are protected from the heating 
effects of the sun, and the chlorophyll from the decompos- 
ing action of light. 

In many flowers also movement is induced by variation 
in the intensity of light. Thus the flower of the Eed 
Campion and the inflorescences of the Daisy and Dan- 
delion close at night. Other flowers like the Evening 
Campion close during the day when exposed to bright 
light, and open at dusk. The significance of the move- 
ments which are brought about by unequal growth of the 
loweir and upper surfaces of the floral leaves (they are 
not variation movements) is explained, partly by the 
necessity for the flowers being protected from marauding 
insects and from various injurious external influences 
(wet, cold, etc.), partly by the conditions of pollination 
by insects. 

The general paratonic influence of light is to retard the 
rate of growth in length of stems, roots, and leaves. 
Larger leaves and longer stems are found in shaded plants 
than when exposed to bright light. This has reference, of 
course, to plants which are in a healthy condition, for 
which a certain amount of light is necessary. When 
green plants are grown continuously in darkness, a patho- 
logical condition is established (the etiolated conation, 
p. 177), in which the stems grow enormously in length at 
the expense of the leaves. 

(h) Heliotropic Influence of Light — ^Light also exer- 
cises a stimulating iMuence on the direction of growth. 
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This influence depends, not on the varying intensity of 
light, but on the direction of the incident rays. Speaking 
generally, radia^ members tend to place their long axes 
parallel to the incident rays. This may be effected in two 
ways. The apex of the growing member may grow either 
towards, or away from, the light. Here we are considering 
the phenomena of heliotropism, 

Hellotropism may be defined as the response made by 
a member, as regards the direction of its growth, to the 
stimulating influence of light. There is positive helio- 
tropism if the member turns towards the light, negative 
heliotropism, or ajpheliotropism, if the member turns 
away from the light. Most radial stems and centric leaves 
are positively heliotropic ; most roots are negatively helio- 
tropic. 

A good example of heliotropism is seen when a plant is 
grown in a window. It will be noticed that, unless the 
plant be constantly turned round, the stem bends over 
towards the light. This was formerly ascribed to the 
retarding action of light on growth. It was thought that 
the bending was due simply to the shaded side growing 
faster. No doubt the convex side of the stem does exhibit 
more rapid growth, but the explanation given is inade- 
quate, seeing that it fails to account for the phenomena of 
negative heliotropism. All we can say is that these 
members, under the stimulating action of light, respond by 
tending to place their long axes parallel to the incident 
rays. We cannot here enter on the deeper question as to 
why this should be so. 

The behaviour of bifacial leaves and other dorsiventral 
organs is different. They usually respond by tending to 
place their surfaces at right angles to the incident rays. 
This is called diaheliotropism. 

With regard to the biological significance of the 
phenomena of heliotropism there is no difficulty. The 
stem, by bending over towards the light, supports the 
leaves in the most favourable position for receiving the 
light. This is seconded by the diaheliotropism of the leaf. 
The root, by being negatively heliotropic, has the best 
chance of reaching the soil. 
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During their growth plant-members take up a definite light- 
position, which, except in cases where the adult members can 
exhibit movements, is a fixed one. It has to be noticed that the 
fixed light-poaition assumed by leaves is such thr#t they turn their 
Ventral (upper) surface in the direction not of the brightest light, 
but of the brightest diffused light to which they are exposed. Most 
leaves, therefore, if the plants are growing freely exposed to light, 
are more or less nearly horizontal. But, if plants grow exposed to 
light of great intensity, this position may be departed from, and 
the fixed light position may even be a vertical one in which the 
surfaces are directed east and west as in the “Compass Plants” 
Silphium laciniatum and Lactuca Scariola. This vertical position 
is often found in the leaves of tropical plants, and it is also cliarac- 
teristic of phyllodes (p. 147). It has the same significance as the 
position assumed by mature leaves in “diurnal sleep” (p. 205). 

The rays of light which are chiefly concerned in pro- 
ducing these stimulating effects (paratonic and heliotropic) 
are the blue and violet rays. 

Ezp. 63. — Put a Geranium or Sunflower, which has been growing 
out of doors, in a pot, and set the pot in a window exposed to a 
good light. Observe in a few days the position assumed by the 
younger leaves, and the growing region of the stem. 

Ezp. 64. — Cover a glass jar outside with black paper or cloth, 
leaving a narrow vertical chink on one side. Pour a little water 
into the jar, and fix a bean seedling to a long pin passing through 
the cork (see Exp. 59, p. 192). Place the seedling horizontally and 
at right angles to the chink. Expose the jar to light, and observe 
after a day or two that the shoot bends towards the chink, the 
primary root away from it. 

Exp. 65. — ^PasB the roots of germinated Cress, Radish, or Linseed 
through holes in muslin tied over a tumbler filled with water. Set 
the tumbler close to a window, or in a box with a vertical slit in the 
side turned to the light. Observe the direction in which root and 
shoot grow with regal’d to the light. 

Exp. 66. — Show that “sleep-movements” may be induced in the 
daytime by covering a Clover plant (growing out of doors or in a 
pot) with an opaque vessel, and heaping soil round the rim to 
exclude all light. 

§ 4. Gravity. — :The force of gravity also lias a stimu- 
lating influence on the growth of plant members. Under 
the action of this stimulus primary roots tend to grow 
down in the- direction of the force, priniary stems up in 
the opposite direction. 
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When a seedling is placed in a horizontal position and 
protected from the action of light, it is found that curva- 
ture takes plaqp in the growing region of stem and root, 
so that the former turns upwards, the latter downwards. 
It has been proved that it is the tip of the root that is the 
irritable region ; but the curvature, which takes place with 
considerable force, occurs in the region behind this, where 
the cells are rapidly elongating. The same is true of the 
stem. It must be clearly understood that the curvature is 
not due in any way to the weight of the part, but that the 
force of gravity in some way or other stimulates the proto- 
plasm of the growing region and excites a definite response. 

The response made by growing members, as regards the 
direction of their growth, to the stimulating influence of 
gravity is called geotropism. Primary roots are posi- 
tively geotropic ; most radial stems, and vertical leaves are 
negatively geotropic. It is evident that, when a stem or 
root shows geotropic curvature, there is increased growth 
on one side, and retarded growth on the other. Thus, 
when a seedling is grown in a horizontal position, and 
curvature of root and stem occurs, it is the upper siirface 
in the root that grows faster, the lower surface in the stem. 

Dorsiventral members {e,g, leaves, creeping stems, lateral 
branches of some trees) make a different response to the 
stimulus of gravity. They tend to place themselves at 
right angles to the direction of the force, and are said to 
be diageotro^nc. Leaves, however, respond more strongly 
to the directive influence of light than to that of gravity. 
Lateral roots are also usually regarded as more or less 
diageotropic, bu^ as a matter of fact, they are scarcely 
influenced % gravity; they grow outwards from the 
parent root, and may be described as exotrojpic. The 
advantage of this is obvious ; it enables the root-system 
to occupy, as thoroughly as possible, the part of the soil in 
which the plant is growing. 

That the opposite tendencies of primary root and stem referred 
to are to be ascribed to gravity has been determined by experiment.' 
There is a machine called the elinostat consisting essentially of a 
vertical plate or disc mounted on a horizontal axis. A plant' is 
attached to the disc so that its axis is horizontal, and the diso 
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rotated dowly, A little reflection will show that the normal 
influence of gravity is eliminated, as each side of the axis is, in 
turn, directed downwards. It is found that stem <irid root grow in 
tlie directions in which they are placed. 

Another experiment is to attach a plant to a wheel which 
rotates rapidly and horizontally. Here anotlier force — “ centri- 
fugal force ” — somewhat similar to gravity, conics into play. 
If the opposite tendencies of root and stem are to be ascribed 
to gravity, we should expect similar tendencies to be exhibited 
under the action of “centrifugal force.” This is the case, for 
under the combined action of gravity and centrifugal force the 
root bends obliquely outwards, the stem obliquely inwards. 

Twining stems show another form of geotropism. 
When the young slender stem of a twining plant bends 
over it is not the upper or lower surface which grows 
faster, but either the right side or the left side. The 
result is that the stem begins to sweep round in a widen- 
ing circle. This is known as lateral geotropism. The 
revolving motion gives the stem a chance of reaching a sup- 
port. The twining of the stem is partly due to the same 
cause, but that negative geotropism also plays a part is in- 
dicated by the upward growth of the stem on the support. 

In most cases twining only occurs round supports which arc more 
or less erect, and are not above a certain thickness, for the stems of 
twining plants have a strong tendency to ascend directly upwards 
by the shortest possible path. In most twiners, e.y. the Convol- 
vulus (Galystegia aepiurrC) and Scarlet Runner, the direction of 
twining, as seen from above, is opposite to the hands of a watch ; 
but in a few, e.g. Hop, Black Bryony, and Honeysuckle, it is in 
the same direction. 

Exp. 67 . — Fix a seedling Pea inside a glass jar containing a littlo 
water so that its axis is horizontal. Cover the jar so as to exclude 
light.' After a day or so observe the curvatures of root and stem. 
The region of curvature may be determined by marking the root 
with Indian-ink, as described in Exp. 59, p. 192. 

Exp. 68. — Get a test-tube with a cork, and to the cork pin a 
Pea seedling with a straight radicle 2 inches long ; put a strip of 
blotting-paper in the tube, and run in water to soak it. Fix the 
seedling in the tube with its radicle pointing to the closed end, and 
keep the tube inverted so that the radicle points vertically up- 
wams. Observe after a time that the tip of the radicle bends over 
so as to be directed downwards. ]^peat the experiment, but first 
with a razor cut off the extreme tip of the radicle. Notice if any 
curvature follows. 

BOT. 
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Exp. 69. — Grow Bean or Pea seedlings in a box with a glass 
front sloping downwards and inwards. When the secondary roots 
have ^rown out, f mark on the glass the positions of a few of these, 
also of the main root; note especially the position of the tip of each 
root. Then tilt the box up at an angle of about 45°, and notice 
how main root and side roots change their direction of growth. 

Exp. 70 . — Fix a seedling Pea or Bean to the side of a small dish 
containing mercury with a layer of water upon it. Let the primary 
root lie horizontally in the water. After a time observe that the 
tip of the Toot bends over and grows down into the mercury, not- 
withstanding the resistance offered by the latter owing to its high 
specific gravity. 

Exp. 71. — Grow a Scarlet Runner seedling in a pot, tying the 
lower part of the stem to a stick, and when about 6 in. of the 
stem project beyond the stick bend this free part over so that it 
hangs horizontally. Place a sheet of paper below the pot and draw 
lines radiating from the centre of the pot ; then find the direction 
in which the free part of the shoot points, and notice the rate at 
which it swings round. A healthy plant will make a complete 
circle in about two hours. Provide a similar seedling with a long 
stick, and notice that the direction of climbing is the same as that 
of the swinging movement of the free end. 

§ 5. Hydrotropism, — Boots are sensitive to variations 
in the amount of water in their neighbourhood. They 
respond by bending in the direction of the water, and are 
therefore positively hydrotropic. Here also the tip of the 
root is the sensitive part. The presence of water is a more 
powerful stimulus than the force of gravity. 

Exp. 72. — Grow seeds in wet sawdust in a box with a bottom of 
wide-meshed wire gauze. Hang up in the box. Under the stimu- 
lus of gravity the radicles grow down through the gauze into the 
dry air ; but, owii!^ to hydrotropio influence, they soon curve back 
and grow along the surface of the gauze. 

§ 6. Contact. — It can often be observed that mechani- 
cal contact acts as a stimulus to many plant-organs. This 
sensitiveness to contact is well shown by root-tips, tendrils, 
and one or two twining stems (e.g. Dodder). 

When a growing root encounters some obstacle, e.g. a 
stone, its growth is so stimulated that it becomes convex 
at the point of contact and thus is turned away from the 
obstacle. 
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When a tendril, in the course of its nutating movement 
(p. 193), touches some object it becomes concave at the 
point of contact. This is due to the stimuRis being trans- 
mitted to the opposite side of the tendril, there producing 
increased turgidity and growth of cells. More of the 
tendril is thus brought into contact with the object, and, 
if the latter forms a suitable support, the process is con- 
tinued and the tendril twines round it. At the same time 
the part of the tendril below the point of attachment 
becomes spirally coiled, and strengthened by the lignifica- 
tion of the tissues. Since the tendril is fixed at both ends 
during coiling, it follows, from purely physical reasons, 
tliat, if a right-handed spiral is formed in the upper part, 
there will be a reversed or left-handed spiral in the lower 
part. This coiling of the tendril below the point of attach- 
ment not only serves to raise the plant, but also acts like 
a spring in diminishing the effects of strain or shock. 

Some tendrils are sensitive at all points. Others show 
a curved hook-like extremity, sensitive only on the concave 
side. Tendrils, unlike most twining stems, may attach 
themselves to supports inclined at a considerable angle to 
the vertical. 

The leaves of Drosera and Venus’ Fly-trap arc sensitive to con- 
tact. In the Barberry the stamens are sensitive at the base and 
sprints up when touched by an insect. When tlie leaf of the Sensi- 
tive Plant is touched the leaflets close up and the whole leaf hiangs 
down (the normal night-position — see p. 205). 

Ejcp. 73 . — Notice that young tendrils of Vetches, Sweet Pea, 
White Bryony, etc., which have not yet become attached, show a 
slight hook at the free end. Rub the concave side of the hook 
with a pencil, and notide that this part soon begins to curve (White 
Bryony and Passion-flower show this very quickly), and in a few 
minutes form a complete coil. Rub the outer (convex) side of the 
hooked end of another young tendril, and notice that no bending 
occurs ; the convex side is not sensitive to contact. 

Exp. 74. — ^Fill a glass funnel with moist soil or sawdust. Plant 
some seeds close to the glass near the top of the funnel, and fix 
various obstacles an inch or so below them. Notice that the roots 
diverge from their course only so much as is absolutely necessary to 
avoid the obstacles, and resume their original course as soon as 
they have passed one. 
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Exp. 75. — With tho point of a knife remove a small portion of 
the yolk of a hard-boiled egg, and apply it to one side df the tip of 
the radicle of a ^.Bean-seedling ; fix the seedling vertically in a jar 
containing some water at the bottom, and keep in darkness. After 
a few hours, see whether any curvature has taken place, and, if so, 
in what direction. Tho one-sided irritation, due to the presence of 
the foreign substance, exerts a stronger influence than that of 
gravity, and causes the bending of the root. 


§ 7. Keat, like light, exerts a tonic influence on plants. 
If a plant is exposed to an unsuitable temperature the 
protoplasm loses its irritability and all vital processes 
cease. There is for each process (respiration, photosyn- 
thesis, root-absorption, formation of chlorophyll, etc.) a 
minimum temperature at which it begins, and a maximum 
temperature at which it ceases. The range of temperature 
for each process diflers in different plants. There is also 
a certain optimum temperature, between the upper and 
lower limits, at which each process goes on most actively. 

Speaking generally, for plants in temperate climates, 
the range of temperature within which vital activity can 
manifest itself is from 0® C. to 60® C. ; the optimum tem- 
perature is from 25® C. to 30® C. If a plant or any part 
of a plant is cooled much below the minimum for growth, 
or heated much above the maximum, it is killed; but 
the power of withstanding extremes of temperature varies 
widely for different plants and different parts of plants. 
The death of the protoplasm by cold or heat depends 
largely on the amount of water present. As a general 
rule, the greater the quantity of water present the more 
oasily is the protoplasm injuriously affected by extremes 
of temperature. 

Sudden variation of temperature may act as a stimulus. 
The flowers of Tulip or Crocus, for example, open when 
there is a rise of temperature. When t^ temperature 
falls the perianth leaves fold together again. The move- 
ment is due to the fact thaA above a certain temperature 
the inner surfaces of the perianth leaves grow more rapidly 
than the outer, so that the leaves spread apart. At a lower 
temperature the reverse effect is produced ; the leaves 
slo^y fold together, causing the flower to close, and thus 
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to a large extent protecting the essential organs from the 
effects of frost. The opening movement is usually more 
rapid than the closing one, owing to the mo^ rapid growth 
at the higher temperature. 

Exp. 76. — Place some dry beans in a dry test-tube, and others 
which have been soaked in water for two days in a test-tube half 
filled with water ; cork both tubes, and immerse them in a beaker 
placed on a sand-bath and kept at 60° C. for two hours. Try several 
different temperatures and times. Then soak the dry seeds in water 
for a day or two and sow both lots. Carry out the experiment 
again, using a mixture of ice and salt instead of hot water. The 
results of those experiments will show that dry seeds can withstand 
high or low temperatures that are fatal to soaked seeds. 

§ 8. ChemiotaxiSi or sensitiveness to chemical stimuli, 
is shown by the leaves of Sundew and Venus’ Fly-trap 
(see p. 200). Other examples are found on pp. 267, 352. 

§ 9. Mechanism of Movement. — It is probable that in all cases 
of movement or curvature stimuli produce their effects by inducing 
a molecular change in protoplasmic substance, and thus bringing 
about an altered condition of turgidity. This is certainly true so 
far as the movements of mature organs are concerned (movements 
of variation) ; but it probably also holds good for growing organs 
where the curvatures are duo to inequality of growth on the two 
sides of the growing organ, for, as we have seen, turgidity is an 
essential condition of growth. 

Sometimes the effects produced are clearly out of all proportion 
to the stimuli. This can be explained only by concluding that the 
efiects of a stimulus may be transmitted to a considerable distance 
from the point of origin. There is difference of opinion as to how 
this is effected. In the case of variation movements it can be ex- 
plained as due to hydrostatic pressure brought about by water 
being forced from the cells into the intercellular spaces. According 
to some, however, in these and other cases the stimulus is trans- 
mitted by means of the living protoplasm of the cells, which thus 
discharges a rudimentary nervous function. 

§ 10. Germination of a Seed. — We give here a sum- 
mary of the phenomena presented in the germination of a 
seed, as they illustrate some of the more important pro- 
cesses with which we have been dealing in this and 
the preceding chapters. The conditions necessary for 
germination are : — ^moisture, access of air, a suitable tem- 
perature (p. 64). 
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The seed absorbs a large amount of water and begins 
to swell. Given a suitable temperature, chemical changes 
are initiated inside the seed. Ferments are produced and 
the digestion of storage food-material begins. Oxygen is 
absorbed and katabolic processes are active. The living 
protoplasm builds up its substance at the expense of the 
soluble products of digestion, and rapid growth takes 
place. The seed-coat is ruptured. The primary root 
grows out; being negatively heliotropic and positively 
geotropic it grows down into the soil, and produces 
branches and root-hairs. The plumule escapes from the 
seed, owing to the elongation of either the hypocotyl or 
the stialks of the cotyledons, and, being positively heliotropic 
and negatively geotropic, grows upwards, and comes above 
ground. In the presence of light, chlorophyll is developed 
and carbon-assimilation begins. 

§ 11. Adaptation to Environment, — We have now 
seen that plants can respond to external influences. The 
reponses so far considered have taken the form of move- 
ment or curvature of various kinds, and sufficient has been 
said to show that they are not erratic and meaningless, 
but have a profound biological significance. But plants 
respond in many other ways to their environment, all more 
or less significant, and apparently purposive. Indeed, the 
whole- structure and organisation of plants may be regarded 
as giving evidence of such response, for it is believed that 
the wonderful adaptation, which is everywhere exhibited 
by plants as a whole, as well as by individual plant mem- 
bers, has arisen during the course of ages through the 
constant interaction between plants and their environment. 

We cannot at present enter into this wider question of 
the adaptation of plants to their environment (see Chaps. 
XVII. and XVIII.). It will be convenient, however, to 
give here a few general examples, more especially as, by so 
doing, we can bring together various points that have been 
incidentally touched on in prWious chapters. 

Adaptation of Leaves. — Consider the adaptation of an ordinary 
bifacial foliage leaf. Its flattened form gives it a large surface and 
enables it to absorb the necessary supply of carbon dioxide. It is 
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held in the position which is most favourable for catohing the rays 
of sunlight. The epidermis, which has a more or less well-developed 
cuticle, often also a layer of wax (bloom), prevents excessive 
evaporation. Both palisade and spongy mesophylj cells, containing 
numerous chloroplasts, are adapt^ for assimilation. The palisade 
tissue towards the upper surface is adapted to protect the plastids 
from the etfects of too bright light. The spongy tissue, with 
numerous spaces communicating with stomata on the under surface, 
is specially fitted for carrying on the processes of respiration and 
transpiration. The spreading veins convey watery solutions to all 
parts of the mesophyll, collect the elaborated products, and at the 
same time serve in the best way to support the leaf-tissue. This 
supporting and strengthoning function is also discharged by ribs or 
masses of sclorenchyma developed in the mesophyll. 

Leaf-Mosaics. — The examination of the forms of leaves and of 
their arrangement affords an interesting study in adaptation. In 
trying to find reasons why leaves have such varied forms and arrange- 
ments the main fact to remember is that leaves require to catch as 
much sunlight as possible, especially in countries where the number 
of hours of sunlight is limited. 

in many British plants the leaves tend to fit together like the bits 
of glass in a mosaic, so as to avoid shading each other and to lose as 
little sunlight as possible. This tendency is easily seen in plants 
whose leaves are crowded together and form a rosette close to the 
ground~6.gr. Daisy, Ilawkweed, Plantain, London Pride; in many 
plants witli whorled leaves — t.g. Woodruff ; in twigs of many trees 
— e.flr. Horse Chestnut, Beech, Elm, Lime ; in twigs of plants which 
creep along a wall or bank — t.g. Ivy. This may perhaps bo cor- 
related with the fact that the growth of a leaf largely depends on 
the amount of light it receives. 

At the same time it is necessary to bear in mind that other 
factors influence the shape and arrangement of leaves, e.gr. the 
necessity of being able to withstand high winds, to carry away rain 
which falls on the blade, etc. We frequently find, for example, 
that the leaves are adapted by the possession of grooved petioles, 
auricled base, etc. , to conduct rain-water inwards to the stem down 
which it trickles to the ground ; while in other plants the lower 
leaves have longer petioles and all the leaves have acuminate 
apices, so that the rain-water drips from leaf to leaf and is con- 
ducted outwards. 

Spines, Prickles, and Hairs. — Prickles serve to protect the 
plant ; but they often do more, especially when they curve down- 
wards as they do in the Rose and the Bramble, for in this case 
they are so many hooks that help to support the stem, and there- 
fore assist the plant in climbing among the surrounding bushes and 
herbage. 

Glandular hairs are frequently sticky; in this case they are of 
use as a protection against obnoxious creeping insects, which are 
frequently caught and retainid by the secretion. The hairs present 
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on the stem are always outioularised, and when the outioularisation 
is very pronounoed they become almost impermeable to water. In 
such cases tliey may servo to protect the plant, and especially the 
young growing organs, from an excessive loss of water. 

Hairs, when thickly set, help to cut off sensitive growing organs 
from excessive illumination, which retards their growth and may 
injuriously aflect them. Similarly, a close covering of hairs is of 
some importance in retaining heat during the night and thus keep- 
ing the plant warm, while hairs are also of great value in preventing 
the surface of the plant from being wetted by rain. The Chickweed 
{Slellarkt madia) has a line of hairs running from node to node down 
the stem, forming a kind of staircase down which drops of rain roll, 
so that they are rapidly led away from the upper portions of the 
stem. 

The formation and development of hairs and spines depends to a 
great extent on external conditions. Thus, the same plant that 
produces these parts when growing in a poor, dry soil fully exposed 
to the rays of the sun, becomes of a much softer and less aggressive 
character when grown in a rich, moist soil. Under the former 
circumstances the plant, by converting some of its buds and leaves 
into spines, reduces the amount of its foliage, and thus economises 
its scanty supply of water. At the same time the spines serve to 
protect the plant from herbivorous animals. Many succulent plants, 
however, which grow in dry situations, such as the Stone-crop 
{Sedwn) or the House-leek {Sempervimm), show but little tendency 
to form hairs or spines, since they have other means of check- 
ing transpiration (thick cuticle, etc.). The Rest-harrow {Ononia 
arvemis)- has no spines when grown in rich, moist soil, but in dry, 
exposed situations the great majority of the branches end in hard, 
sharp points. 

Water-plants. — In water-plants, since absorption goes on over 
the whole submerged surface, the epidermis is not cuticularised. 
Further, as there is no transpiration, no stomata are developed 
(except on floating leaves, p. 59). Correlated with these features 
rpot-hairs and frequently even roots are absent, and the tracheal 
tissue is poorly developed. The xylem in aquatic stems (see 
Myriophyllum^ P* JOl) is usually central, where it best meets the 
slight pulling stram due to the water. Support being given by the 
water there is little or no sclerenchyma. The leaves may be ribbon- 
like or much divided according as the plants grow in moving or in 
still water ; and, as the chloroplasts need no protection, they 
are present in the epidermal cells and palisade tissue is absent. 
Finally the presence of large air-spaces facilitates the passage of 
air necessary for respiration, and gives buoyancy to the plant. 

Xeropliytes are plants which snow special adaptations for econo- 
mising their water supply. They are typically met with in dry, 
hot, sandy regions where the supply of water is uncertain and the 
conditions favour excessive transpiratipn ; but low barometric pres- 
sure at high altitudes, and exposure to high winds tend to increase 
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transpiration, while low temperature, excess of salt or humus in the 
soil, etc. , reduce root-absorption, and thus there may be necessity 
for economy even in oases where water is abundant. Hence xero- 
phytic adaptation is exhibited in varying degrees d)y plants in very 
different habitats, c.p. rock-plants {Uthophytea), shore-plants (haJo- 
phytea), plants growing on mountains at high altitudes {aZpim 
planta)j etc. 

Provision may be made for storage of water by the development 
of succulent stems or leaves, and for reduction of transpiration by 
such devices as the crowding of leaves, reduction of leaf surface, 
the inward rolling of leaf-margins, the formation of a thick cuticle, 
coverings of hair, the protection of stomata in cavities, etc. 

Epiphytes. — Plants which are adapted to live on other plants, 
but are not parasitic, are called Epiphytes. They usually develop 
clinging roots, which are organs of adhesion, and other roots for 
obtaining food-material. As their water supply is precarious they 
often show xerophytic characters. A ready method of seed-dispersal 
is an evident necessity ; frequently the seeds are carried by the 
wind or by birds. Epiphytes abound in tropical woods and include 
many orchids. 



CHAPTER IX. 


STEUCTUEE OF THE FLOWEE.’*^ 

§ 1. General. — The flower may be regarded as a leafy 
shoot highly specialised in adaptation to the performance of 
reproductive functions. The function of a flower is essenti- 
ally to produce seed and fruit, and the various parts (stem 
and leaf organs) have been specially adapted to the per- 
formance of that function. It is necessary at the outset 
to impress this fact on the student. Stem and leaf organs 
in both vegetative shoot and flower have tlie same morjjJio- 
logical value; their ^physiological value only is different. 
It must not be inferred, however, that the floral leaves 
have been derived from, or are modifications of, foliage 
leaves. 

The only essentially new structures in the flower, from 
the morphological point of view, are the organs — ^pollen- 
sacs and ovules — which are more immediately concerned in 
the production of seed. These organs may be developed 
on the floral leaves, or on the axis of the flower. They 
correspond to the spore-cases or spore-sacs of lower plants, 
and it is only by careful study of these lower plants that 
we can arrive ^ a clear conception of their significance 
and origin. 

The axis (stem portion) of the flower usually shows two 
regions — ^the pedicel, and the thalamus (also called the 
torus, or receptacle). The pedicel is, popularly, the stalk 
of the flower. It may be present or absent. If present, 
the flower is pedicellate ; if absent, sessile. The thalamus, 

* Much of this chapter is intended for reference only. The 
numerous technical terms, descriptive of calyx, corolla, etc., can 
only be mastered when the student has begun the systematic 
practical study of the Natural Orders. 
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or torus, is the portion of the axis to which the floral 
leaves are attached. In typical flowers there are four 
sets or series of floral leaves. To the putside are the 
sepals ; collectively, they constitute the calyx. Internal 
to these are the petals, constituting the corolla. Then 
the stamens forming the androscium; and Anally, in 
the centre of tlie flower, are the carpels, forming the 
gynsecenm’^ or pistil. 



A, Longitudinal veiijii'a,! section of whole flower ; 13, Longitudinal section 
of a single carpel. 

The common Buttercup is a very convenient typo for 
making a first acquaintance with these structures (Fig. 
117). In the Buttercup the carpels are separate from each 
other, and each shows a hollow basal portion called the 
ovary, above which are the parts known as style and 
stigma (Pig. 117, b). In the majority of flowers the 
carpels are united and form a single compound ovary (see 
Fig. 125). 

The following facts support the above view of the morphological 
character of the flower : (a) The flower, like an ordinary foliage- 
shoot, arises as a bud, very often in the axil of a leaf (bract). 
{h) The thalamus has the general structure of a stem, and the sepals 
and petals in their structure and ^development resemble leaves, 
(c) While in most oases the stamens and carpels, having been highly 
specialised, are quite unlike leaves, there are certain conditions in 


Oynmeium and gynecium are varieties of spelling in eommpn 
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which they become distinctly leaf-like. Thus, in many cultivated 
flowers, e.(7. the Bose, the stamens are transformed into petals ; in 
the Double Cherry the gynseceum is represented by a tuft of small 
green leaves ; in the Water Lily there is a gradual transition between 
petals and stamens. 

§ 2. The Inflorescence. — ^The floral, or reproductive 
region of the plant is usually distinctly marked off from 
the foliage, or vegetative region, and is known as the 
inflorescence. Sometimes the main vegetative-axis of the 
plant passes gradually into a single terminal flower, e.g. 
Tulip and Wood Anemone. Here the flower is said to be 
solitary and terminal. In other cases, the flowers are 
developed singly in the axils of ordinary foliage leaves, 
and are called solitary and axillary. These are very 
simple types of inflorescence. Usually the flowers are 
aggregated on a more or less complex branch-system. 
According to the nature of the branching, and other points, 
many different kinds of such inflorescence are recognised 
(e.g. Fig. 118). These will be speci- 
ally considered later (Chap. X.). 

The main or primary axis of the 
inflorescence, together with any se- 
condary axes which may be developed 
( apart from the pedicels of the 
flowers), is called the pcdnncle. This 
term is applied instead of pedicel to 
the stalks of solitary terminal, and 
solitary axillary flowers. If the ped- 
uncle is an unbranched leafless axis 
which arises from the midst of radical 
leaves and bears flowers at its apex, 
it is called a scape, e,g, the Cowslip. 

§ 3. Bracts, etc. (Pig. 118). — 
When the flower arises as a lateral 
tfad, the axis on which it is borne is called the mother- 
dids. This may or may not "be the primary axis of the 
inflorescence. The side of the flower which is towards 
the mother-axis (or towards the growing point of the 
mother-axis) is said to be posterior; the side away from 










FJg. 118 .— A Simple if- 

FLORESGENCE (RaCKMIS). 
The main axis (peduncle) 
is here the mother-axis. 
The stalk of the flower 
is the pe<ncel. 
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the mother-axis is anterior. In a solitary terminal flower 
it is evident that these terms are not applicable. 

If the flower arises in the axil of a leirf-structure, this 
leaf-structure is called a bract. Though this may be 
given as the strict meaning of bract, it is found convenient, 
in practice, to apply the term to any more or less special- 
ised leaf-structures in the region of the inflorescence, other 
than the floral leaves themselves. 

Bracts or hypsophylla present great variety of form and colour. 
When present, the flower is bracteate ; when absent, ebracteate. 
The bracts may be ordinary foliage leaves, as in solitary axillary 
flowers, or more or less resemble them, though differing from the 
ordinary foliage leaves of the plant. Frequently they are small, 
green, and scale-like. In many plants they are reduced to small, 
tooth-like structures. When they are not green, but coloured like 
the petals of a flower, they are said to be petaloid. In many 
flowers the flower-stalk bears small outgrowths of the nature of 
reduced leaves. These are called bracteoles. When present, 
there are nanally two in Dicotyledons, placed laterally, and one 
in Monocotyledons, situated on the posterior side. ' 

§ 4. Feriauth, or Floral Envelopes. — The outer series 
of floral leaves, distinct from stamens and carpels, consti- 
tute the perianth of the flower. In the great majority of 
flowers the perianth consists of two series, clearly distin- 
guished as calyx and corolla. 

Sometimes calyx and corolla more or less resemble each 
other, the sepals and petals having much the same form 
and colour. When the two series or whorls are so closely 
inserted on the thalamus, or so fused together that they 
look like a single series, the terms cal^x and corolla, sepals 
and petals, are not used, and the whole structure is 
described simply as a perianth (e.gr. Narcissus, Lily of the 
Valley, and many other Monocotyledons). On the other 
hand, the perianth may be absent, or represented by a 
single series or whorl. 

As the perianth leaves are not essential, but only 
accessory to the production of seed, thev are frequently 
referred to as the non-essential organs of the flower. If 
one or both series be absent the flower is said to be 
incomplete. 
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If both series of the perianth are wanting, the flower is achlamy- 
deotiB ; if one only is present, monoclilaiiiydeottS ; if both are pre- 
sent, dichlamydeous. In some flowers {e.y, Daisy, and many other 
Composita?) it is Recognised, by comparison with allied types, tliat 
the calyx has been lost ; in such flowers the remaining series must 
be described as the corolla, not as the perianth. So also, in cases 
where tiic corolla has disappeared {e.g. Clematis, Anemone, and 
many other Ranunculacea^), the remaining series, although petaloid, 
must be described as the calyx. The term perianth, however, 
should be used if the monochlamydeous condition is primitive, i.c. 
if it is an original or ancestral character and not due to the dis- 
appearance or suppression of a second series {e.g. Stinging Nettle, 
Oak, Elm). 

§ 5. The Essential Organs. — The androecium and 
the gynaeceuin or pistil, because they bear the reproductive 
bodies, pollen-grains and ovules, necessary for the pro- 
duction of seed, are called the essential organs. 

If both are present in the same Jloioer (the rule in Angiosperms) 
the flower is hermaphrodite, bisexual or monoclinous (symbol $ ). 
When they are borne on different flowers, as is sometimes found, 
the flowers arc imperfect^ unisexual or diclinoua. The unisexual 
flowers bearing the stamens arc male ( (^ ) or staminate ; those 
bearing carpels, female ( $ ) or pistillate. If staminate and pistil- 
late flowers are borne on the same plant [e.g. Hazel), the plant is 
monoBcious ; if on different plants (e.g. Willow and some species of 
Campion), dioBcious. A plant is polygamous if it bears staminate, 
pistillate, and hermaphrodite flowers (e.gr. Ash). Flowers in which 
both stamens and pistil have been lost are neuter [e.g. ray florets of 
Cornflower and Sunflower). 

§ 6. Floral Fhyllotazis. — In most flowers the series of floral 
leaves are arranged iii whorls, and the phyllotaxis is cyclic. Some- 
times, however, all the floral leaves are in a spiral [e.g. Cactus) and 
the flower is said to^e acyclic. If some of the series are cyclically 
arranged, others spirally, the flowers are hemicyclic. In the Butter- 
cup, for example, the calyx and corolla are whorled, while the 
stamens and carpels are spiral. 

§ 7. Efnmber of Farts. — ^We may regard tTOical 
Bowers as having four definite series or whorls of floral 
leaves — calyx, corolla, androecium, and gynceceum — ^with 
the same number in each series. But additional whorls 
may be developed in any one of these series, so that the 
number of floral leaves in that particular series is a 
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multiple of the original number. This is most frequently 
seen in the androecium. On the other hand, the number 
in any one series may be reduced by suppression or disap- 
pearance of one or more of the parts in that series. This 
is very commonly seen in the gynasceum, which is the 
most variable part of the flower. 

The following examples will illustrate these points : — 
The Violet has five sepals, five petals, five stamens, three 
carpels ; the Pea has five sepals, five petals, ten stamens, 
one carpel ; the Wall-flower has four sepals in two whorls, 
four petals in one whorl, six stamens in an outer whorl of 
two and. an inner whorl of four, two carpels ; many flowers 
have a large number of stamens in several whorls (e.g, the 
Cherry). It should be noticed that owing to the abbrevia- 
tion of the thalamus and other causes, it is often difficult 
to distinguish the separate whorls, e.g. the two whorls of 
sepals in the Wall-flower, the two whorls of stamens in 
the Pea. 

Neglecting the reduction of parts met with in particular 
series, and more especially in the gynseceum, we find that 
in Dicotyledons the series of floral leaves arc, as a mle, 
arranged, in twos, fours, or fives, or multiples of these 
numbers. In other words, the arrangement is dimerous, 
tetramerous, or jpentamerous, rarely triinerous. The 
trimerous arrangement, i,e, in threes or multiples of three, 
is characteristic of Monocotyledons. 

§ 8. Alternation of Farts. — ^The general rule is that 
the leaves of the different series alternate in position with 
each other — the petals alternate with the sepals, the 
stamens with the petals, etc. If there are several whorls 
of stamens, these whorls alternate with each other. 

But there are exceptions. In spiral flowers, the parts 
are sometimes superposed. In cyclic flowers the de- 
parture from regular alternation arises from various 
causes. In the Primrose Order, for example, there are 
five sepals, five petals, five stamens, and the stamens are 
opposite to the petals {antijpetalous) ; this is due to the 
suppression of an outer whorl of five stamens. Some- 
times, where there are two alternating whorls of stamens, 
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the outer whorl is opposite the petals. This (the ohdij>lo~ 
stemonous condition) is due to displacement of the two 
whorls, which ?ve can easily understand, remembering the 
abbreviation of the thalmus and the close proximity of the 
whorls. The carpels, owing to reduction of parts in the 
gynaeceum, frequently have no definite position in relation 
to the parts of the other series. 

§ 9. Regular and Irregular Flowers. — In regular 
flowers the parts in each series have the same size and 
form, Le, the sepals resemble each other, so also the 
petals, etc. Irregular flowers are those in which some of 
the floral leaves in any one series have a different shape or 
size from the others — for example, the petals of Pea or 
Violet. 

§ 10. Floral Symmetry (see p. 10). — Flowers may be 
radially symmetrical or actinomorphic, isobilateral, zygo- 
morphic, or asymmetricah The important planes of sym- 
metry are the median or antero-posterior, the diagonal, 
and lateral planes (see Figs. 140, 141). Zygomorphy is 
very frequently due to irregularity, and this is the sense 
in which the term is used as a rule in descriptive botany. 
In zygomorphic flowers the plane of symmetry is, in most 
cases, antero-posterior or median, i.e. it is the plane 
passing through the anterior and posterior sides of the 
flower, e.g. Pea, Violet (Figs. 143, 144), etc. Asymmetrical 
flowers are usually spiral, e.g. Cactus. 

§ 11. The Th^amus — Insertion of Floral Leaves. — 

The thalamus is nearly always short or abbreviated. Only 
occasionally is it elongated between the whorls of floral 
leaves, as in some species of Campion {LycUnis). The 
form of the thalamus varies considerably. It may be 
convex and more or less dilated, or flattened, or hollow 
and cup-shaped. The inse^ion of floral leaves varies 
according to the form of the thalamus. 

In many flowers {e.g. Buttercui), Campion, Poppy) the 
thalamus is more or less convex, like the head of a nail. 
The gynseceum is developed at the apex of the thalamus ; 
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the stamens, petals, and sepals, are inserted, in order, on 
the side of the thalamus below the gynaeceum. This is the 
liypogynoTis arrangement (Fig. 119, a). ^ 

Suppose now that the thalamus is not convex, but forms 
a flattened circular disc. The apex of the thalamus is, of 




Fig. 119.— Thalamus and Insbbtion of Floral Leaves. 
A, Hypogynous ; B — E, Feri^nous ; F, Bpigynous. 
(Diagrammatio vertical sections.) 


course, in the middle of the disc, and the flattened form is 
due to the sides of the thalamus having grown up to the 
same level. The gynseceum is developed in the middle of 
the disc, and the sepals, petals, and stamens round the 
rim or margin. They are not underneath the gyneeceum, 
but rownd ahout it. Hence this is called a perigynoiui 
arrangenient (Fig. 119, o). Sometimes the carpels are 
BOT. 15 
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borne on a conical protuberance in the middle of the disc ; 
this would represent a continued growth of the apex {e,g, 
Strawberiy or Easpberry, Fig. 119, b). 

It is with the perigynous condition that the student will 
experience most difficulty ; there are so many degrees of it. 
The thalamus may not be flat, but hollowed out, and more 
or less cup-like. This is due to the sides of the thalamus 
continuing to grow above the apex, which lies at the 
bottom of the cup ( x Fig. 119, d). The carpels (gynse- 
ceum) are developed in the cup; the sepals, petals, and 
stamens from the rim of the cup. This also is a peri- 
gynous condition. It should be particularly noticed that 
the cup was formerly regarded as part of the calyx and 
called the calyx-tube. This term is still retained, but 
the student must be careful to observe that it is the 
thalamus or receptacle. A still more extreme form of 
perigyny is found in the Wild Eose (Fig. 119, b). Here 
there is a very deep cup. 

Finally, in the epigyuous condition (Fig. 119, p) the 
thalamus forms a deep cup as in the extreme forms of 
perigyny; but the carpels, developed as in the extreme 
forms of perigyny, are from the first adherent to the calyx- 
tube, which is for this reason considered as part of the 
ovary. Thus in epigynous flowers the sepals, petals, and 
stamens are inserted on the gyneeceum.’*' In the peri- 
gynous condition the calyx-tube remains distinct from the 
ovary. 

§ 12. Nectaries. — The thalamus or receptacle fre- 
quently bears a fleshy or glandular outgrowth, such as 
is found on the top of the inferior ovary in Umbelliferfie 
and in the common Ivy. This is termed the disc. In 
the Blackberry the disc lines the outer concave part of the 
receptacle. Very commonly the disc is lobed (Vine, Wall- 
flower), and frequently it secretes nectar. Nectaries may, 
however, develop from, or upon, any part of the flower. Thus 
in the Violet the oul^owths borne by two of the stamens 

* The student should notice that, strictly speaking, in epigyny 
the gynsBoeum is not formed simply from carpels. 
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secrete nectar into a hollow spur borne by the anterior petal. 
In the Buttercup a small projection at the base of each of 
the petals performs the same function, white the whole of 
the petals of the Christmas Eose are modified into hollow 
tubular nectaries. Honey glands occur upon the gynse- 
ceum of Q-entians, and each sepal of the Hollyhock flower 
bears a nectary on its inner surface. 

§ 13. The Calyx may consist of numerous sepals show- 
ing a primitive spiral arrangement, as in Cactus and Water 
Lily; but usually it consists of from two to five sepals. 





If the sepals are free, the calyx is polysepalons. When 
they are united laterally, to however slight an extent, the 
calyx is grajuosepalons. The gamosepalous condition is 
due, not to the actual fusion of originally separate sepals, 
but to common basal growth during development. In 
all hypogynous and perigynous arrangements the calyx is 
described as inferior ; in the epigynous flower the calyx is 
described as superior. 

In some flowers, e.g. the Strawberry, the sepals are 
stipulate. The stipules fuse in pairs between the sepals, 
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and produce an outer series of small sepal-like structures, 
fonning what seems to be an outer calyx. This is known 
as the epicalcpc (Pig. 120, p). An epicalyx may also bo 
produced by the aggregation of bracts or bracteoles beneath 
the calyx, e.g. the Mallow and Sweet William. 

The calyx usually has a protective function. It com- 
monly serves to protect the parts of the young flower in 
the bud. When the flower opens the calyx may fall off, 
e.g. in the Poppy, in which case it is said to be caducous^ 
or the sepals simply fold back as in the Wild Eose. The 
calyx is deciduous if it falls off when the flower withers. 
But frequently it ^persists tiU fruiting takes place in order 
to protect the young fruit, which is developed from the 
ovary of the flower {e.g. Bean, Strawberry, and Dead 
Nettle) . A gamosepalous calyx not only affords a more 
efficient protection to the flower-bud than a polysepalous 
one, but also gives support and protection to the base of 
the adult flower and to the developing fruit. Hence a 
gamosepalous calyx is never caducous. 

In the Umbelliferm, where the flowers are closely aggre- 
gated, and in many Composite, where in addition they are 
surrounded by a ring of bracts, a protective calyx is not 
required. Hence the calyx is either very small or has 
disappeared altogether. 

The calyx, however, may take on other functions. Thus, 
in many Compositse {e,g. Dandelion, Thistle, and Corn- 
flower) there is a rudimentary calyx represented by hairs, 
forming a silky pappus (Fig. 124, a), which undergoes 
further development after flowering, and serves to disperse 
the fruit. In;,^ome flowers also the sepals instead of being 
green, as is Usually the case, are brightly coloured, and 
usurp the attractive fimctions of the coroUa. In this case 
the calyx is said to be petaloid. 

In a polysepalous calyx the outline of the individual sepals is 
desoribed in the same terms aA..are used for ordinary foliage j^ves. 
The number of sepals in a gamosepalous calyx is usually indicated 
by divisions or teeth (e.p. Fig. 120, b). If the divisions pass almost 
to the base of the calyx, it may be desoribed according to their 
number as .3-, 4-, 5-partite ; if about half way down, 3-, 4-, S-Jld ; if 
'the divisions are small, 3-^ 4-, 6 -^ 00 ^^. 
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But there are special descriptive terms with which the student 
should be familiar : — 

The sepals are spurred if they are prolonged d(^wn wards intcj a 
tubular process, e.g. Garden 
Nasturtium (Fig. 120, a) ; PQ 5 -p 

sdcccUe, if pouched or dilated 
at the base, e.g. many Cruci- 
ferae. The calyx is godeate 
or hooded f if one or more of 
the sepals form a helmet- 
shaped structure, arching 
over the other parts of the 
flower, e.g. the Monkshood 
(Fig. 121). The gamosepa- 
lona calyx is tuhidar (Fig. 

120, b), if regular and elon- 
gated with nearly parallel 
sides ; campanidatet if regu- 
lar and more or less bell- 
shaped (Fig. 124, E) ; infun- 
dihidiform or funnel-shaped, 
if it widens gradually from 
a narrow base (Fig. 124, b); 
urceolate (Fig. 120, e), if ex- 
panded in the middle and 
narrowing towards base and 
apex ; globose^ if shorter and 
almost globular (Fig, 120, d); 121.-Flower of Monkstiood. 

bilabiate (Fig. 120, C), if ir- Vurtical motion. Calyx g.'vleate. 

regular and drawn out on 
each side so as to form two lips (e.g. Calamint). 

§ 14. The Corolla. — Tlie primitive corolla consists of a 
spiral of free non-coberent petals. In most plants this lias 
Wn changed into, a single whorl (Foxglove, Geranium) 
or, more rarely, a double whorl of petals (Poppy). In 
Water Lilies and in double flowers the petals are arranged 
in a close spiral. 

The corolla may be ^olyjpetalous or gamopetalous (cf. 
regular or irregular, and as it to a large extent 
determines the symmetry of the flower, the terms zygonior- 
phic, actinomorphic, are applied to it. According to the 
insertion of petels the corolla is described as hypogynous, 
perigynous, or epi^nous. 

The corolla is, in most cases, an attractive structure-; 




230 STRUCTUBB OB THB BLOWER. 

its cliief function is to attract insects to the flower in con- 
nection with the process of pollination. It also protects 
the stamens and carpels at the most critical period of 

their existence, and this is 
especially the case when the 
petals are united together in 
the form of a tube enclosing 
the essential organs. The 
tube also serves as a recep- 
tacle for honey. After fer- 
tilisation the seeds begin to 
develop, and an attractive 
corolla being no longer 
needed, it is usually rapidly 
shed. The withered corolla, 
however, may persist in a few cases (Currant, Gooseberry). 

The petals are usually brilliantly coloured, sometimes 
green (sepaloid). They may be absent, e.g. Lady’s Mantle 
and some Eanunculacoae (Clematis, Anemone), or reduced 
to nectar-secreting structures, e,g. Monkshood (Fig. 121) 
and Christmas Eose. 



Fig. 122. — UnOUICULATE rKTAI.S. 
B also ligulate. 


VEXILLUM 


In a polypetalous corolla the outlines of the individual petals are 
described in the same 
terms as are used for 
the foliage leaf, and, as 
in the calyx, the gamo- 
pctalous corolla may be 
described as 3-, 4-, 5- 
partite, -fid, or -toothed. 

The following are 
some of the more ^jecial 
terms : — 

The petals are miffni- 
culale or clawed (Fig. 

122) if they show a dis- 
tinction into a stalk-like 
basal portion, the daWf 
ahd.an expanded upper 
p&H, the limh {e.g. Wall- 
flower) ; ligtUatej if ligules are developed at the junction of claw 
a,nd limb (e,g. Pink — Fig. 122, b) ; one or more of the petals may 
be spurred {e.g* Violet) ; the petals are fimhriaZed, if they bear a 
fringe of hair-like processes {e.g. Mignonette). 



CARINA 


Fig. 123.— A, Vertical section of a Cabyo- 
rHYij.ACEOUs Flower; B, Papilionaceous 
Flower. 
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The following special terms are applied to polypetalous co- 
rollas ; — Gruc^orm where the corolla consists of four unguiculate 
petals arranged crosswise, t.e. in the diagonal planes of the flower 
(fi. j/. Wall-flower and Cruciferae generally, see Fig. t28, a) ; roaciceoua 
(Fig. 119, B, c), if it consists of five spreading petals, not clawed, 
and attached perigynously (Rosaceas) ; caryophi/Uaceoua (Fig. 123, a). 



Fig, 124.— Forms of Gahopetalous Corolla. 

A, Tabular hermaphrodite ; D, Ligalato pistillate, florets of a Composite. 


if it consists of five clawed petals, with spreading limbs attached 
hypogynously to the thalamus inside a slender tubular calyx (Pinks 
and many Caryophyllacees) ; papilionaceotia (from the supposed 
resemblance to a butterfly), if it consists of five petals, one large — 
the vexillum or standard, two lateral — al» or winss, and two fused 
to form a boat-shaped structure — the carina or kern (Pea and British 
Leguminosse generally. Fig. 123, b). 

Ckunopetaloua cotoUm may be tvhular (Fig. 124, a), campanu- 
late, or boll-shaped (Harebell, Fig. 124, b), infundihvlif(yirm, or 
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funnel-shaped (Fig. 124, b) ; %irceolate, or urn-shaped (Purple 
Heath), globose, bilabiate (for these terms see under calyx, p. 229) ; 

bilabiate and ringent, if the two lips gape 
apart (Dead Nettle, Fig. 124, f) ; bilabiate 
and personate, if the two lips are closed 
up (Snapdragon, Fig. 124, o) ; glove- 
shaped, if like the finger of a glove {e.g. 
Foxglove, Fig. 124, ii) ; hypocrateriform, 
or salver-shaped, if it has a long, slender 
tube and a spreading limb (e.g. Prim- 
rose, Fig. 125) ; rotate, or wheel-like, 
if there is a spreading limb and a very 
short tube (e,g. Forget-me-not, Fig. 
124, c) ; ligvlate, or strap-shaped, if it 
consists of an elongated membrane which 
represents the one-sided development of. 
a short basal tubular part {e.g. Dandelion 
and many Compositse, Fig. 124, d). 



§ 15. A perianth, when not dis- 
tinguished into calyx and corolla, 
is described in much the same way ; 
but the terms polyphyllous and 
gamophyllous are used to indicate 
the free and coherent condition, respectively, of the peri- 
anth leaves. 


Fig. 125.— Vertical Section 
OF Flower op Primrose. 
Corolla Hypocrateri- 

FORM. 


§ 16. The Corona. — ^This is the term applied to the 
whole series of ligules developed on the corolla or perianth 
of certain flowers. In Narcissus, where the perianth is 
gamophyllous, the ligules are coherent, and the corona is 
cup-shaped. 

§17. FrefloratiSh. — This has already been referred to (see 
p. 145). The prefldration of the perianth (or calyx and corolla) only 
can be studied. The ptyxis, or folding of the individual floral 
leaves, is described in the same terms as are used for foliage leaves 
(see p. 146). The lestivation of calyx or corolla (Fig. 101) may be 
mlvcUe, imbricate, or contorted (twisted). Induplicode* aestivation is 
a form of valvate in which the margins of the floral leaves are 
folded inwards on themselves, ^incunciod* aestivation is a form 
of imbricate where there are five leaves (sepals or petals), two 


* Although not mentioned on p. 146 valvate vemeUion may be 
induplicate, and imbricate quinouncial. 
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internal, two external, and one partly internal, partly external. 
Vexillary lestivation, charaoteristio of the corolla of Leguminosse, is 
another form of imbricate aestivation (Fig. 144).^ The aestivation 
may be recognised either by taking transverse sections of young 
flower-buds, or carefully removing the young floral leaves one after 
the other. 

§ 18. The Androscium. — A typical stamen (Fig. 126) 
consists of three parts — filament, anther, and con- 
nective. The filament is the stalk of the stamen corre- 
sponding to the petiole of a foliage leaf, while the anther 
may be regarded as representing the lamina of the floral 
leaf. The latter nsnally consists of two anther-lohes, and 

BACK FACE 



A INNATE 

Fig. 120.— Stamens, showing Insertion of Anthers. 


forms a case or box in which are contained the pollen- 
grains or essential reproductive bodies. These lie in four 
cavities, the pollen-sacs (Fig. 127), of which there are 
two in each anther-lobe. When the anther dehisces the 
partition between the two pollen-sacs in each lobe breaks 
down, so that there seems to be a single cavity or loculus 
in each lobe. This fusion often takes place much earlier 
in the development of the anther. 

The anther-lobes are connected towards the back of the 
anther by a strip of tissue containing a vascular bundle. 
This is the connective. It is usually narrow, so that the 
anther-lobes lie close together, but may be elongated so 
that the lobes are widely separated, as in some Labiates. 

In a few cases {e,g. Mallow, Hazel, Hornbeam) the sta- 
mens when quite young undergo division or segmentation, 
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and thus in the fully developed flower the anthers have 
only one anther-lobe with two pollen-sacs. 

Sometimes spacial appendages are developed on stamens. 
These generally arise as outgrowths of the connective. In 
the Violet there is a membranous orange-coloured out- 
growth on top of each anther, and, in addition to these. 



CONNECTIVE 

Fig. 127. — Transvkrsk Skotion of Anther of Wall-flower, 
AFTER Dehiscence. 


the two antero-lateral stamens have each a green elongated 
process (functioning as a nectar gland) passing down into 
the spur of the anterior petal (Fig. 143). 

Barren or rudimentary stamens are called staminodes. 
They may consist simply of filament or be represented by 
various peculiarly modified forms. 

The stamens hiay be hypogynous, perigynous, or epi- 
gynous ; but sometimes, owing to common basal growth, 
they adhere to the corolla (or perianth). They appear 
then to be developed on the petals, and are said to be 
epipetalous {epiphyllous, if on a perianth). This is 
found in many gamopetalous, or gamophyllous, orders 
of Angiosperms, e.g. Compositse, Labiates, Primulacess 
(Fig. 125). Sometimes the stamens are adherent to the 
gyneeceum, e.g. in Orchids ; this is the gynand/rous con- 
dition. 
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If the stamens are free from each other, i.e, not coherent, 
the androDcium is polyaudrous (diandroxis, triandrous, 
pentandrous, etc^, according to the number). If united, 
the union may be of two kinds, (a) The stamens cohere 
by their filaments: this is the adelphous condition — 
mouadelphous, if all are united to form a tube round the 
pistil, diadelphous if united in two groups, polyadelphous 
if in several groups. The monadelphous condition is 
found, for example, in the Mallow and some Leguminosss 
(e.g, the Broom) ; the diadelphous, in other Leguminosse 
(e.gf. the Pea) where, of the ten stamens, nine are fused 



Fig. 128. — FiiOWEr of a Orucifkr. 

A, Entire — cnicifoi'in corollii ; 11, Sex)alB and ])etals removed — tetradynamous 
stuiueiis ; C, Trans verae section of ovary. 


and the tenth is free ; the polyadelphous, in the St. John’s 
Wort and Orange. (6) The stamens cohere by their 
anthers, the filaments being free. This is characteristic 
of CompositsB (e.g. Daisy, Dandelion, Thistle, etc.), some 
Solanacese (e.g. the Bitter-sweet and Potato), etc. It is 
the syngenesious or synantherous condition (Pig. 124, a). 

Where the stamens in a flower have different lengths, 
special terms are sometimes applied to the androecium. 
Thus, in the order Cruciferse (Wall-floyer, Stock, etc.) 
there are four long and two short stamens (Pig. 128, b), 
and the androecium is said to be tetradynamons. In 
Labiatse (e.g. Dead Nettle) and Scrophulariace© (e.g. Pox- 
glove), where there are two long and two short stamens, it 
is didynamous. These are the only common orders in 
which these terms are used. 
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§ 19. InBertion of the Anthers. — The attachment of the anther 
to the filament should be noticed (Fig. 126). It is innate or hasifixed 
if the anther is fixed directly on top of the filament ; adnate if the 
connective is well marked, and there is no articulation of the 
filament to the base of the anther, so that tlie filament seems to run 
up the back of the anther ; dordjixed if the filament is attached to 
the back of the anther and the anther is immovable ; versatile if 
the attachment is similar, but the anther swings on the filament. 

§ 20. Dehiscence of the Anthers. — Usually each 
anther-lobe bursts open (dehisces) by a longitudinal slit 
between the two pollen-sacs. The dehiscence is brought 
about by the contraction of the reticulately thickened cells 
of the fibrous layer, the inner of the two layers forming 
the wall of the loculus (Fig. 127) . According as the anther- 
lobes face inwards (towards the centre of the flower) or 
outwards, the anthers or the dehiscence is said to be introrse 
or extrorse. The dehiscence may be transverse, as in some 
Labiatse, by means of flaps or valves, as in the Laurel, or, 
as in Heaths, Ehododendron, and Potato, it may be 
effected by pores at the apices of the anther-lobes. 



Fig. 129.-*A, B, POLLKN-OllAINH (highly 
maonipibd); G, Pollinia of an 
Orchid (p. S30). 


NUCLEUS 



NUCLEOLUS 


Pig. 180 .— Young Pollen- 
GRAIN OF A Lily. 
(Section.) 


§ 21. The pollen, in most plants, forms a loose, dusty 
powder, consisting of a large number of minute grains 
(Fig. 129, A, b). The grains vaiy much in size, form, 
and colour in different plants. At first (Fig. 130); 
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they are unicelltilar and the wall consists of two mem- 
branes or coats. The outer coat, the exine, is cuticularised 
and frequently ornamented with protuberances, spines, etc. 
The inner coat, the Mine, is thin and consists of cellulose. 
In some plants, e.g. Orchids, the pollen-grains are not 
loose, but aggregated into a single mass called a pollininm 
(Fig. 129, c). 

Before seed can be produced the pollen-grains must be 
transferred to the stigma, either of the same flower, or of 
another flower of the same species. 

The development of the pollen-sacs and pollen-grains will 
be described later. 

§ 22. The GyuaBcenm or Pistil, consisting of carpels, 
forms the inner essential organ of the flower. It is the 
part of the flower which has been most extensively and com- 
pletely modified. The student, indeed, finds it difficult at 
first to realise tliat it consists of leaf-organs. It is neces- 
sary, therefore, that he should read very carefully the 
description which follows, making 
sure that he fully understands the 
exact significance of the terms used. 

The gynsBceum may be mono- 
carpellary or polycarpellary,’^ 
that is, it may consist of one or of 
several carpels. In the latter case, 
to the number, it is bi- 
, tricarpeUary, etc. 

§ 23. The Monocarpellary 
Pistil (Fig. 131). — The student 
must imagine that a single car- 
peBary leaf has been folded on Fig. i3i.-the monocab- 
itself so that its margins become pkllary pibtil. 

cdierent along a line known as 

the ventral suture \ and, further, indicate metiiod of folding, 

that the apex of the leaf has be- 
come elongated and slightly swollen at the tip. 

* Notice— “ poly- ” here has not the same significance as in poly- 
petalous, etc. 


according 

carpellary 
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The hollow basal portion of the folded carpel is the 
ovary, from which the fruit is afterwards developed ; it 
contains a varying number of oval or rounded bodies, the 
ovules, which afterwards develop into seeds. The slender 
prolongation, of varying length, on top of the ovary is the 
style, which usually contains a central cavity communi- 
cating with the cavity of the ovary, but may be composed 
of loose tissue throughout. The apical portion of the style, 
called the stigma, is usually swollen and covered with 
hairs or glandular papillae ; as we shall see later, it forms 
the receptive surface for the pollen. 

If we examine the ovary, we find that the ovules are 
marginal, i.e. they are developed on the fused margins of 
the carpel. The fused margins form a longitudinal ridge 
or cushion of tissue, called the placenta, along the ventral 
suture, on the inner surface of the ovary wall. The dorsal 
suture (Fig. 131) corresponds to the midrib of the carpel. 
Seeing that the placenta is on the wall of the ovary, the 
plaoentatiou {i,e, the position or arrangement of placentas 
in an ovary) is parietal. Usually, however, in the simple 
ovary the placentation is simply described as marginal. 
The monocarpellary pistil is easily recognised by the pre- 
sence of this single placenta. The pistil of the Legumi- 
nosse (Pea, Bean, etc.) is an excellent example. 

Although wo have asked the student to imagine the formation of 
the monoearpellary pistil as duo to the folding of a carpellary leaf, 
he must not suppose that this process can be observed during the 
development of the flower. We may suppose, however, that some- 
thing equivalent to it has occurred during the development or evo- 
lution of the higher flowering plants. We shall see later that in the 
Gymnosperms tlie ovules are not enclosed in an ovary at all, but are 
borne in most cases ^ the open carpellary leaves. As a matter of 
fact, in one plant, aUyead (Cycas revoluta), they are borne on the 
margins of the carpellary leaf. In the higher flowering plants (the 
An^osperms) the ovules are protected oy being enclosed in an 
ovary. . 

§ 24. The Polycarpellary ^ntecenm. — Of this there 
are two conditions, according ai the carpels are or are not 
united with each other. If the carpels are free, each forms 
a simple ovary, style and stigma, like the single carpel of 
the monocarpellary pistil. This is the apocarpous con- 
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dition (Fig. 117 and cf. the terms polysepalousy poly- 
petalous, polyandroua). Here, while there is a single gynse- 
ceum or pistil in the flower, there is a number of simple 
ovaries. The number indicates the nunuber of carpels. 
The placentation is marginal. Frequently, only one ovule 
is developed in each loculus (many Eanunculaceae and 
Eosacess) ; if the ovule is attached to the top of the loculus 
it is pendulous ; if to the bottom, ascending. 

In the second condition all the carpels are united to 
form a single compound (or polymerous) ovary, and the 
pistil is syucarpous (cf. the terms 
gamopetalous, gamosepalous, etc.). 

The union may or may not be com- 
plete. If complete, the ovary bears a 
single style and stigma (Fig. 132, a), 
and it is only by the internal struc- 
ture of the ovary that the number 
of carpels can be determined. If 
incomplete, a number of styles or 
stigmas are bome on the single 
ovary (Fig. 132, b, c), owing to the 
apices of the carpels remaining free, 
the number of styles or stigmas gives the number of 

carpels. Thus, in 



Fig. 132 .— Tiik Syncarpous 
Pistil. 

(To indicate difterent 
degrees of fusion.) 


It is evident that 



Pig. 133.— Formation of the Unilocular Ovary 
OF a Trigarpellart Pistil. 

X indicates points of fusion. (Placentation i)arietal : 
Transverse section.) 


CompositsD (Fig. 
124, a) the style is 
single, but there are 
two stigmas ; hence 
we know that the 
pistil is bicarpel- 
lary. 

The structure of 
the ovary and the 
placentation in the 
syncarpous pistil 
Offers in different 
should be carefully 


cases. The following conditions 
noticed : — 

(tt) The carpels simply fuse by their adjacent margins 
(Fig. 133) to form a unilocular ovary. The fused margins 
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swell up to form placentas bearing ovules. The placenta- 
tion is marginal and parietal. The number of parietal 
placentas indicates the number of carpels. 


Pig. 134.— Formation op a Trilocular Ovary with Axilr ri.ACKNTATioN. 

(Transverse section.) 

(b) The carpels are folded on themselves before fusing, 
or we might say that the fused margins run in to the 
middle of the ovary (Fig. 134). Thus a multilocular ovary 

is formed, and the 
marginal placentas of 
all the carpels fuse in 
the centre to form a 
central or axile col- 
umn. The jplacenta- 
tion is marginal and 
azile. The number 
of loculi, or the num- 
ber of septa by which 
the ovary is divided, 
indicates the ntunber 
of caraels (except 

Pig. 186.— Vertical Section op Umbelliferous where jalse Septa are 
Flower. formed — see below). 

Sometimes only one 
ovule is developed in each loculus. It is suspended if it 
comes off from the placenta high up and hangs down in 
the loculus (Fig. 135) ; but sometimes there is no distinct 
axile placenta — ^the ovule being either ascending or pen- 
dulous (p. 239). 


■mv- 
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In the ovarj of the Poppy there is an intermediate con- 
dition between (a) and (6). The septa, which are covered 
with ovules and are therefore placentas, dc^ not reach the 
middle of the ovary. The ovary is unilocular, but par- 
tially divided. The placentation is parietal. 

(c) The carpels fuse by their adjacent margins and the 
ovary is unilocular as in (a). But the ovules are not 
developed on the carpellary margins. They are borne on a 
central axis running through the middle of the ovary. The 
placentation is free-central. 

In typical cases (Primulacese, 

Fig. 125) the central axis is 
a prolongation of the thalamus 
into the ovary. The ovules are 
developed on the axis of the 
flower, not on the carpels. 

There are, however, a few 
orders {e.g. CaryophyllacesB) in 
which the free-central placenta 
is derived from an originally 
axile placentation by the break- 
ing down of the septa. 

Basal placentation is a 
modification of typical free central. Here a single ovule 
is inserted on the floor of the ovary. It is developed on 
the thalamus, which, however, is not prolonged as an axis 
into the ovary (e.g. Polygonaceae, Pig. 137, and Composite, 
Fig. 136). 

The ovules are, in rare cases, developed, not on the 
margins of the carpels, but over the whole inner surface, 
e.g, the Flowering Kush (apocarpous) and Water Lily (syn- 
carpous). This is called superficial placentation. 

§ 25. True and False Septa. — 2Vue septa, or dissepi- 
ments, are those which represent the inturned margins of 
carpellazy leaves. Septa formed in any other way, e.g. as in- 
growths from the surfaces of the carpels, are fcUse. In the 
ovar^ of CruciferaB (Fig. 128, c), for example, the false sep- 
tum is formed by two membranes, which grow in from the 
two parietal placentas, and meet and overlap in the centre. 

BOT. 16 



-STYLE 

PHALAZA 

i-WALL OF 
OVARY 

NATROP 
OVULE 


MICROPYLE 

funTcle^pex of torus 

Fig. 130.— iNFEiiioB Ovary of a 
Composite. 

(Longitudinal section.) 
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§ 26. Superior and Inferior Ovarios.“In all hy- 

pogynous and perigynous conditions, the ovary is described 
as superior ; in the epigynons condition, as inferior. It 
might seem out of place to describe the ovary as superior, 
and the calyx inferior, in such a perigynous condition as is 
shown in Fig. 119, n. But the student must remember 
that the ovary here is developed at the organic apex of the 
thalamus, and is free from the calyx-tube. 

§ 27. Structure of Ovule. — If we examine a typical 
ovule (Fig. 137), we find that it is attached by a slender 

stalk— the funiculus, 
or funicle — ^to the 
placenta. The body 
of the ovule consists 
of a mass of paren- 
chymatous tissue, 
called the nucellus, 
and either one or two 
cellular coats or in- 
teguments. These 
integuments arise 
during development 
from the base of the 
nucellus, and com- 
pletely invest it, ex- 
cept at the apex, 
where a small canal 
or passage is left lead- 
ing down to the apex 
of the nucellus. This 
passage is called the 

Fig. 187.~Ovaby and Basal Orthotropous lu mOSt 

Ovule of Polygonum). Q-amopetalouS DlCO- 

(Longitudinai section.) tyledons there is only 

one integument. The 
base of the nucellus, from which the integuments arise, is 
called the chalasa. The point where the body of the 
ovule is attached to its stalk, or funicle, is the hiivuti (see 

p.66). 


— STIGMA 


-STYLE 
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Towards the micropylar end of the nucellus there is a 
large, specially developed cell. This is the embryo-sac. 
In the embryo- sac the protoplasm is arrtoged as in an 
ordinary parenchymatous cell. There is a lining or pari- 
etal layer and protoplasmic strands. Vacuole and cell-sap 
are present. In addition to this, however, several cells are 
present in the embryo-sac, formed, as will afterwards be 
explained (Chapter XVI.), by free cell-formation. At 
the micropylar end there are three cells without coll- 
waUs constituting the egg-apparatus. The largest one is 
the oospbere, ovnmy or egg-cell ; the two smaller ones 
are called the synergidm, or help-cells. At the other 
end there are three cells with cell-walls. These are the 
antipodal cells. Embedded in the protoplasm in the 
middle of the embryo-sac there is a large nucleus, called 
the secondary or definitive nnclens of the embryo-sac. 

The above gives the general structure of the fully-formed 
ovule at the time when fertilisation is just about to take 
place. The development of the ovule will be described 
later (Chapter XVI.). 


§ 28. Forms of Ovnle. — There are several important 
forms of ovule to be noticed. The typical form is the 
straight or orthotropons ovule 


(Fig. 137). Here the ovule is 
perfectly straight, not curved or 
bent in any way. The chalaza and 
hilum lie close together, and the 
micropyle is at the extreme apex. 

In the inverted or anatropons 
form (Fig. 138) the body of the 
ovule has bent over during deve- 
lopment, and fused for some dis- 
tance with the stalk or funicle. 



This fused portion of the funicle Fig. i 38 .—anatiu)pou 8 ovule, 
is called the raphe. In this form (Longitudinal section.) 
the micropyle and hilum lie close 
together, and the chalaza is towards the other end. 


In the curved or oampylotropous form (Fig. 139, b) 
the body is curved and bent round, so that the micropyle 
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lies near the funicle ; but there is no fusion with the 
funicle. Hiluin, chalaza, and micropyle, all lie close 
together. The amphitropons ovule is an intermediate 

form in which the 


EMBRYO-SAC 
NUCELLUS ' _ 


micropyle 




"FUNICLE'" CHALAZA 


body of the ovule 
is straight, but 
has been twisted 
round, so that its 
long axis is at 
right angles to 
the funicle (Fig. 
139, a). 

Of these forms 


Fig. 139 .— Forms of Ovule. the anatropOUS is 

A, Ampliitropuus ; B, Cainpylotroiious. mOSt frequently 

met with. Exam- 


ples of the campylotropous ovule are found in many 
Cruciferae ( Wall-no wer, etc.) and Leguminosae (Pea, Bean, 
Broom, etc.). The orthotropous ovule is less frequently 
found, e.g. Polygonum (Pig. 137). The Primulaceae and 
some Cruciferae give examples of the amphitropous ovule. 


§ 29. Cohesion and Adhesion. — The student must be 
clear as to the meaning of these terms. Cohesion is union 
between members of the same series of floral leaves. Thus 
gamosepalous, poly sepalous, polyandrous, syngenesious, 
apocarpous, syncarpous, are terms signifying cohesion or 
want of cohesion. Adhesion means union between mem- 
bers of different series, as when the stamens are epipeta- 
lous. We have already explained that cohesion or adhesion 
of parts in the flower is not due to the actual fusion of 
parts originally separate, but to common basal growth 
during development. 

§ 30. Modification of Floral Structure, — ^The jprimi- 
five typical flower, we may suppose, was regular, and showed 
no cohesion of parts. The countless diverse modifications 
now existing may be ascribed to the operation of various 
processes of which many examples have been suggested in 
the foregoing pages. 
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The chief of these are : — abbreviation of the floral axis ; 
closely connected with this the displacement of parts, and 
the cohesion or adhesion of parts owing to ^common basal 
growth during development ; branching or splitting (chori- 
sis) of parts, as in the inner whorl of stamens in the 
CrucifersB, where the two pairs of stamens (Fig. 128, b) 
are due to splitting of two originally single ones ; reduction 
or complete suppression of parts, e.g, the reduction of 
stamens to staminodes, the reduction of petals to nectari- 
ferous organs (many Eanunculacese), the loss of calyx in 
many TJmbelliferse and Compositie ; development of irregu- 
larity, due to hypertrophy of certain paAs — tliis, as will 
afterwards be explained, is closely connected with the 
pollination of flowers by insects. 

The student should notice examples of these processes. 
At the same time he should recognise the general principle 
underlying all this — namely, the more or loss perfect 
adaptation of the flower to the function which it has to 
carry on in relation to the conditions of its environment. 

§ 31. Vertical Sections and Floral Diagrams. — The 

general structure and arrangement of parts in a flower may 
be shown in drawings of longitudinal or vertical sections 
(Figs. 119, 121, 135), in floral diagrams and floral formulae. 

The floral diagram may be described as a ground-plan 
of the flower showing the relation of the parts to each 
other and to the mother-axis . 140). In making a 

floral diagram the student must clearly distinguish the 
antero-posterior or median, the lateral, and the diagonal 
planes (Fig. 141). Cohesion of parts may be indicated by 
connecting lines (Fig. 142, a), but this may be done in the 
floral formula which should accompany the diagram. The 
flBstivation also may be indicated as in Fig. 143. An em- 
pirical diagram (Fig. 142, b) is one showing only the 
relative positions of the parts actually present. A theoreti- 
cal one indicates, as well, by means of dots, the relative 
positions of parts which, we may conclude, were originally 
present, but are now lost (Fig. 142, c). 

The student will experience most difficulty in indicating 
the positions relative to the mother-axis. It will help 
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him if he remembers that in most Dicotyledons one 
sepal is posterior. An exception is found in the order 
LeguminossB (fig. 144), and there are also exceptional cases 


f-MOTHER AXIS 



Fig. I-IO.—Flcikal Diagram of a 
Regular Tktkamerous Flower. 



median' plane 

Fig. 141 .— Floral Diagram of 
C ttUCIFKBAS. 


where the posterior sepal has been lost (Fig. 142, b, c). 
Fig. 145 shows the characteristic arrangement in typical 
Monocotyledons. 



Fig. 142.—FLORAL Diagrams of ScROPHULARZACEiE. 

A, Common form ; B, Empirical diagram of Speedwell ; C, Theoretical 
diagram of Speedwell. 


The floral formula, together with the diagram and 
longitudinal section, enables us to represent all the 
essential morphological features of the newer without a 
word of description being necessary. 

The symbols ® and f respectively denote radially and 
bilaterally symmetrical (zygomoxphic) flowers, the dilution 
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of the arrow indicating the plane of symmetry along 
which the flower can be divided into equal halves. The 
signs , S , 5 respectively denote stamiBate, carpellary, 
and hermaphrodite (“ perfect **) flowers. The letters K, C, 





Fig. 143.— Floral Dia- 
gram OF Violet. 


Fig. 144.— Floral Dia- 
gram of Lkoumino»^. 
(MonadelphouB form.) 


Fig. 146. —Typical 
Floral Diagram of 

M ONOCOTYLEDONS 

(e.g. Lily). 


and P represent calyx, corolla, and perianth^ A and Or the 
androecium (stamens) and gynaeceum (pistil), and the 
figure following each letter gives the number of parts in 
each series. Cohesion is indicated by brackets enclosing 
the number of parts; a horizontal bracket indicates 
adhesion between the parts of successive whorls ; a hori- 
zontal line above the number after Gr means that the ovary 
is inferior, a line below, that it is superior ; the symbol oo 
is used when there are numerous parts in any series. 

Thus the floral formula of the Primrose 


g © K(6) 0(5) AO + 6 G(^) 


reads — ^hermaphrodite, radially symmetrical flower, gamo- 
sepalous calyx of five sepals, gamopetalous corolla of five 
petals, androecium of five free epipetalous stamens super- 
posed on the petals (antipetalous), syncarpous pistil of 
five carpels with a superior ovary. 

The floral formulae of many common plants are given in 
Chapter XIII. 

Il)irecti(m8 f(yr the descrijotion of flowers are given in the 
Appendix.^ 



CHAPTER X. 

THE INFLOEESCENCE. 

§ 1. The Inflorescence is the floral region of the plant 
as distinguished from the vegetative. Its simplest form is 
the solitary terminal flower. Usually it is a more or less 
complex branch-system. Inflorescences are best classifled 
according to the type of branching, and the special modi- 
flcations in each case. Probably in all the branching is 
lateral, and they are either (a) indefinite or racemose, (h) 
definite or cymose. In the former the growing point has 
an indefinite power of growth ; it never ends in a flower, 
although the actual number of lateral flowers which it 
produces may be few or many. In cymose inflorescences 
the primary axis and the successive daughter axes in turn 
end in flowers. 

It is characteristic of racemose inflorescences that the 
youngest flowers are always found towards the apex, or, 
where a cluster of flowers is formed, towards the centre 
{centripetal) ; while, in compact cymose inflorescences, the 
youngest flowers are towards the outside, i.e. away from 
the centre {centfifugal). This is why the terms centripetal 
and centrifugal are sometimes used for the two kinds of 
inflorescence. 

§ 2. Simple Sacemose Inflorescences. — Of these we 
recognise four chief types ; — ^ 

(a) The typical raceme (Pig. 118). — Here the mother- 
axis (peduncle) is elongated, and the flowers are stalked. 
Examples are found in the Lily of the YaUey, Foxglove^ 
and Hyacinth. 
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Similar to this in essential characters is the corymb, 
which may be regarded as a modification of the typical 
raceme. The mother- t 


axis is relatively shorter, 
and, owing to the elon- 
gation of the lower 
pedicels, all the flowers 
come to one level (Fig. 
146). This is an im- 
provement on the typi- 
cal raceme, for the close 
aggregation of flowers 
renders the whole in- 
florescence more con- 



Fig. 140 .— Thk Corymb. 


spicHons, and there is no need therefore for the individual 
flowers developing large corollas to attract insects. Good 
examples are found in many Cruciferse (e.gf. Candytuft). 

Inflorescences intermediate in character 


between the corymb and typical raceme 
are described as corymbose racemes, e,g, 
the Wall-flower, in which the inflorescence 
is corymbose when young, but lengthens 
out when fruiting. 

(h) The spike is a racemose inflor- 
escence in which the mother-axis is elon- 
gated, and the flowers are sessile (Fig. 
147), e.g. Spotted Orchid and Plantain. 
By this arrangement small flowers may 
be aggi’egated in a cylindrical mass. 

There are one or two special forms of 
Fig.u 7 .-A'T™ the spike spadix is a massive 

Spike. flcshy spike, bearing small, usually um- 

sexual flowers. It is protected by a large 
enveloping leaf, sometimes green, more usually petaloid, 
known as a spathe.^ The spathe and upper part of the 
spadix serve attract insects, and sometimes, as in the 
Arum Lily (Fig. 148), there is a fly-trap mechanism in 
connection with the pollination of the flowers. The catkin 



* The spathe is usually called a bract— the term bract being used 
in the wider sense (see p. 221 ), 
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or amentum (Fig. 149) is a long, more or less pendulous, 
decidupus spike, bearing unisexual flowers. It is found 
• in many nut-bearing and other 

trees, e.g. Birch, Hazel, Poplar. 
The male catkin as a rule dan- 
gles loosely in the air so that 
the pollen, which is protected 
from rain by the catkin scales, is 
imdily blown out by the wind. 

(c) The umbel (Fig. 150) is a 
racemose inflorescence in which 
the flowers are stalked, but, ow- 
ing to the abbreviation of the 
mother-axis, are all given off at 
one level. There is an indefi- 
nite growing point whicli throws 
off a large number o£ lateral 
flowers, but does not give rise 
to an elongated mother-axis. 
We may suppose this to have, 
been derived from the raceme 
or corymb by compression, all 
the daughter-axes being 
brought to one level, just as 
the flower itself may be described as a compressed shoot, 



Fig. 148. — Spadix ok Arum. 
Part of lower eiul of apatlie re- 
moved expoBO the flowers. 



Fig. 149.—A Catkin. Fig. 150.— The Simple Umbel. 


in which, owing to the shortening of the intemodes, all 
the whorls of floral leaves lie close together. 
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(c2) The capitHlHm (Fig. 151) is a racemose inflor- 
escence in which the flowers are sessile, and crowded 
together on a reduced or abbreviated, m(\|bher-axis (pe- 
duncle). We may 
suppose it to have 
been derived from 
the spike in the 
same way as the 
umbel from tlie 
raceme. The 
mother-axis is 
called the disc or 
receptacle.* It is 
sometimes flat, 
more frequently 
dilated and con- 
vex. Examples 
are found chiefly in the Compositse (Daisy, Dandelion, 
etc.). The student must clearly recognise that the heads 
of the Daisy, Dandelion, etc., are not single flowers, but 
inflorescences bearing a large number of sessile flowers. 
The capitulum is invested % a number of small, scaly, 
overlapping leaves, which are spoken of as barren bracts. 
The protective investment thus formed is called the in- 
volucre. 

The massing together of small flowers in the umbel and 
capitulum has the same biological significance as in the 
coryinb. 

§ 3. Cymoee Inflorescence. — These are either unipar- 
0U8, hiparous, or multiparous (see p. 80). In the uniparous 
forms each successive axis ends in a flower after producing 
one daughter-axis. They may be helicoid or scorpioid, are 
sympodial, and sometimes resemble typical racemes (see 
Mg. 47, B, d). Uniparous cymes resembling racemes can 
be distinguished by the fact that the bracts, if they are 

♦ The term reoeptaple is ambiguous, being also applied to the 
thalamus. The student must clearly distinguish the two applica- 
tions of the term. 



Fiu. 161.— TllK CxVPlTULUM. 
(Verticiil section.) 



252 


THE INFLORESCENCE. 


present, are on the opposite side of the sympodial axis 
from the leaves. If bracts are not developed they are not 
easily distinguished. 

In the hiparous cyme each axis ends in a flower after pro- 
ducing two daughter- 
axes. It is also called 
the dichasinm or false 
dichotomy (Fig. 162). 
Typical examples are 
found in many Caryo- 
phyllacese. Sometimes 
the daughter-axes are 
not given off at the 
same level, e.g, some 
Buttercups, Christmas 
Eose, etc. 

In the multiparous 
cyme, a whorl of daugh- 
ter-axes is given off 
before the mother-axis 
ends in a flower. Here 
Fig. 152 . — dichasium or biparous cymr. R cymose umbel is 

formed, clearly distin- 
guished from the racemose or typical umbel by the fact 
that the oldest flower is in the middle. 

§ 4. Compound and Uixed Inflorescences. — Many 
inflorescences have not the simple characters above de- 
scribed, and present considerable difficulty to the student. 
In practical wo^ — ^and it should be remembered that book 
knowledge is worth little or notliing here — ^he should begin 
by carefully recognising the simple forms before proceeding 
to the analysis of the more complex. 

Many inflorescences are compound, e,g, a raceme of 
racemes, a spike of spikelets (Eye Grass), an umbel of 
umbels. The panicle is a copipound irregularly branched 
raceme. It is the most primitive type of inflorescence!, for 
it is really the modified upper region of the plant, whereas 
the simple raceme is more highly differentiated and has 
become simple by reduction. The compound umbel 
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(Fig. 153) is frequently found in the order TJmbelliferse ; 
here the bracts at the base of the chief branches constitute 
the involucre — the smaller bracts at the > base of each 
secondary umbel, the in- 
volucel. The inflores- 
cence in the Elder is a 
compound multiparous 
cyme, in which some of 
the branches given off 
are larger than others. 

Many inflorescences 
are mixed. We may, 
for example, have a ra- 
ceme of spikes, a raceme 
of capitula, a spike of 
capitula, a raceme of 
cymes, etc. The panicle of spikelets, is a common form 
in many grasses \e.g, the Oat) ; in the Horse Chestnut 
there is a raceme of short cymes and the inflorescence 
is called a thyrsus. In the Lilac the inflorescence is of 
the same nature, but the branching is much more copious. 
Sometimes the name racemose or panicled thyrsoid cyme is 
applied to such an inflorescence. 

§ 5. Special Forms. — There are many inflorescences 
which, owing to abbreviation of axes or special crowding 
of the flowers, do not so readily yield to careful analysis. 
In the Hawthorn, for example, the inflorescence might be 
mistaken for a typical corymb. Examination will show, 
however, that the lateral axes borne on the main axis are 
really cymes. It is a corymbose cyme. 

In the cultivated Geranium ** and many species of Narcis- 
sus the inflorescence, at first sight, appears to be an umbel. 
But it will be found that the young flowers are not by any 
means aggregated towards the centre, and that the flowers 
are arranged in a number of groups. These are really 
cymose clusters. We may speak of the whole inflorescence 
as an umbellate cymose head. These are found in many 



Fig. 153.— The Compound Umbel. 


* Which is really a Pelargonium. 
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plants. In Narcissus the inflorescence is protected by a 
membranous spathe. 

In the Dead Nettle, and many other members of the 
Labiatee, the leaves are opposite and decussate, .and at each 



Fig. 154 .— Verticillastkr op Dead-nettle. 


node there seems to be a whorl of flowers. These apparent 
whorls are called verticillasters (Fig. 154). Careful 
analysis shows that there is in the axil of each leaf an 
inflorescence which is a dichasium of scorpioid cymes, i.e, a 
biparous cyme which passes on either side into a uniparous 
form by suppression of one of the 


2 2 branches at each branching. It is 

I ^ difficult to recognise this because 

^ ^ reduced and the 

6^ ^ flowers are sessile. It is easily re- 

6 ^ 3- 5 cognised in many Labiates where 

Fig. 155 .-DIAORAM INDICAT- the flowers have short stalks. In 
iNo THE RELATION OF 155 tho axis which ends in 

vBBTiciLLAsfER. flower 1 gives nse to two daughter- 

axes, 2, ending in flowers. Each of 
these gives rise to an axis, 3, jind so on. 

In the Sweet William and some other plants there is a 
copiously branched biparous cyme, in which the axes are 
short and all the flowers crowded together.' This clustered 
form is called a/oacicJe. 


Fig. 155 .— Diagram indicat- 
ing TBB RELATION OF 
FLOWERS IN HALF OF A 
VERTlClLLAStER. 
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The oyathium (Fig. 156) is a peculiar inflorescence found in 
Euphorbia (the Spurge). There is a cup-shaped involucre the 
margin of which bears a number of crescent- shaped glandular scales. 
Inside the cup there are a num- 


ber of stamens ; also ^ gyn?eoeum 
borne on a stalk. The whole 
structure looks like a single 
flower ; but each stamen is really 
a male or staminato flower, and 
the gynasceum with its stalk is 
the female or pistillate flower. 
This is borne out by the fact that 
each stamen is articulated to a 
stalk and has a scaly bract at its 


§ 6. Comparison of Cymose 
and Racemose Types. — ^It 

seems probable that all cymose 
inflorescences have been derived 



from racemose ones by a shorten- ^*8* 156. — Oyathium of Euphorbia. 
ing of the main axis and a delay 

in the development of the lateral branches, to which the main 
power of growth is at the same time transferred. 

The cymose inflorescence is certainly an advance upon the race- 
mose type, for in the former new flowers continually appear on 
the exposed surface of the inflorescence, while the fruits ripen 
securely buried among the older parts of the mass of branches. The 
tendency in racemes, on the other hand, is to simultaneous flower- 
ing, such as is exhibited more or less perfectly by many umbels and 
capitula and especially by corymbs. In such cases there is an ever- 
present danger that the short period of flowering may occur at a 
time when the conditions are not suitable for the production of 


fertile seed. 

Racemes such as those of the Wallflower, in which the lower 


flowers may open months before the apex of the raceme ceases 
flowering, do not incur this danger, but the exposed position of the 
young succulent fruits is an obvious disadvantage hero and in other 
Crucifers also. Moreover, if the growing point of a young raceme 
is destroyed, the power of producing flowers may be temporarily 
lost, whereas the aestruction of the apex of a cyme involves the 
loss of a single flower only, and the lateral axes continue their 
growth with even greater vigour than before. 



CHAPTER XI. 


EEPEODUCTION AND LIPE-HISTOEY OP THE 
ANOIOSPEEM. 

§ 1. Hitherto we have been dealing chiefly with the 
individual plant — its structure, nutrition, and growth. 
We liave now to see how the plant reproduces its kind and 
perpetuates the species, for that is the ultimate object of 
its existence. In connection with the reproductive pro- 
cesses we shall consider the general course of development 
— ^in other words, the life-history of the plant. 

§ 2. Vegetative Reproduction (p. 16). — The essential 
feature in all vegetative reproduction is that the more or 
less specialised part which is separated off from the vegeta- 
tive region of the parent directly develops into a new plant 
reserMing the pdrent. The part thus separated off has 
different forms in different cases, but in nearly all cases in 
the higher plants it either consists of a bud, more or less 
specialised, or bears one or more buds. The bud, being 
either buried in the soil, or in contact with the soil, sends 
down roots from its base, while above ground it develops 
into a shoot. The development, at first, is dependent on 
stored food-material. 

Copious vegetative reproduction is found amongst the 
Angiosperms, ^and it takes many forms. Sometimes 
specialised buds are developed for this purpose, e.g. bulbils 
(p. 85), while in many plants, if a shoot happens to be 
buried in the soil, the ordinary buds in the axils of the 
leaves send down roots, and develop into shoots which 
become separated. Vegetative reproduction by means of 
runners, suckers, tubers, bulbs, corms, rhizomes, etc., has 
already been referred to in Chapter IV. As a rule, 
vegetative reproduction does not lead to any very wide 
distribution of a plant. 
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§ 3. Reprodnction by Seed. — ^This is bj far the more 
important method, tending, as it does, not only to maintain 
the vigour and vitality of the species, but S,lso to secure 
its more extended distribution. We shall find that in the 
formation of the seed a sexual process (p. 16) takes place 
in the plant, similar in all essential points to that which is 
found in animals. The processes which lead up to the 
formation of seed and fruit are very complicated, and we 
must now consider them in detail. 

§ 4. Pollination. — In order that seed may be produced, 
the pollen grains must be transferred from the anthers to 
the stigma. The meaning of this will be explained in what 
follows. This transference of the pollen-grains is called 
pollination. There may be (a) self-pollination; or 
(h) cross-pollination. In the former, the pollen-grains 
simply fall, or are transferred in some way, from the 
anthers to the stigma or stigmas of the same flower. In 
the latter, they are carried in various ways to the stigma 
or stigmas of other flowers, either on the same plant, or on 
different plants of the same species. As pollination is 
followed, later, by the process of fertilisation, the terms 
selffertilisation (antogamy) and crossfertilisation (allo- 
gamy) are often used. The student, however, must care- 
fully distinguish between pollination and fertilisation. 

The great majority of Angiosperms have hermaphrodite 
flowers, and therefore one would perhaps naturally expect, 
in most cases, to find self-pollination. As a matter of 
fact, however, cross-pollination is of general occurrence in 
hermaphrodite flowers, and most of them show obvious 
adaptations for securing it. 

This being so, we must believe that there is some con- 
siderable advantage accrtiifig to the species from cross- 
poUination. The probable explanation has been supplied 
by numerous experiments in pollination made on plants. 
It has been found that, when cross-pollination occurs, the 
resulting s^s either are more numerous, or are heavier, 
and give rise to stronger offspring than is the case when 
^elf -pollination occurs. This is more especially the case 
when the poDen is transferred, not simply from one flower 
BOT. 17 
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to another on the same plant, hut from one plant to 
another. Now, we may correlate this with the fact that 
in sexual reproduction the offspring inherits characters 
from both sides. In self-pollination there is simply the 
mixing of practically similar characters, while in cross- 
pollination there is a mixing of more or less dissimilar 
characters. In the latter case useful variations are more 
likely to arise, and bo transmitted, giving the offspring a 
better chance in the struggle for existence. 

Self-pollination, however, is of extremely common occur- 
rence in hennaphrodite flowers, even in many which are 
evidently well-adapted for cross-pollination ; and cases are 
not uncommon where special arrangements are made for 
self-pollination. This seems to indicate that, in most 
plants, occasional cross-pollination only is necessary — 
that it need not be of regular, or even of frequent 
occurrence. 

Cross-pollination may be effected by various agencies. 
Thus, the pollen may be transferred by means of the wind, 
water, or animals, and the flowers are said to be anemo- 
philons, hydrophilous, or zoophilons respectively. 
Grasses, Meadow Eue, Nettle, are good examples of 
anemophilous flowers. Hydrophilous flowers are found 
in a few water-plants ; but most aquatic plants raise their 
flowers well out of the water and are pollinated by wind 
or by insects. While we have examples of flowers being 
pollinated by means of such animals as slugs, snails, 
humming-birds, etc., the animals thus employ^ are, in 
nearly all cases, insects (flies, moths, bees, etc.). Such 
flowers are said te be entomophilous. The great majority 
of Angiospernious flowers are such. Here we recognise an 
intimate interrelation existing between the plant and animal 
kingdoms. 

§ 5. Contrivances and Conditions favouring Cross- 
pollination, — There are in flowers many arrangements 
and mechanisms which can only be interpreted as adap- 
tations for cross-pollination. Usually such arrange- 
ments and mechanisms merely give chances in favour of 
cross-pollination without precluding the possibility of 
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self-pollination. Sometimes, however, they make self- 
pollination difficult, or altogether impossible. 

In plants with unisexual flowers, of coursef, cross-pollina- 
tion is absolutely necessary if seed is to be produced. We 
have this condition in its extreme form in dicecious plants, 
e,g, the Willow. There are a few plants, also, in which 
cross-pollination must take place because the plants are 
self-aterile, i.e. the flower cannot be fertilised by its own 
pollen; this occurs in some species of Passion-flower, of 
Lobelia, and of Abutilon. In some plants, again, self- 
pollination may be rendered unlikely or diflicult owing to 
the relative position of anthers and stigma. 

A condition of much more general occurrence is that 
known as Dichogamy. This is a condition in which the 
anthers and stigma in hermaphrodite flowers come to 
maturity at different times, and which, when completely 
developed, entirely prevents self-pollination. 

There are two forms of Dichogamy : (a) protaudry, 
in which the anthers ripen first, so that when the pollen- 
grains are shed the stigma of the same flower is not ready 
to receive them ; in this case, if the pollen-grains are not 
to be wasted, they must be transferred to an older flower ; 
(6) protogyny, in which the stigma ripens first ; here the 
pollen-grains are transferred to a younger flower. Pro- 
tandrous flowers are much more common than protogynous. 
Examples of the former are found in Compositse, Labiates, 
Umbelliferes, Harebells, Willow-herbs, etc. ; of the latter 
in Plantains, Woodrush, Pigwort, Hawthorn, Paeony, 
Christmas Bose, etc. Wind-pollinated flowers are more 
often protogynous than protandrous; but many are uni- 
sexual. 

Anemophilous and entomophilous flowers have each 
special characters of their own, so that as a rule we can 
distinguish them at a glance. In anemophilous flowers 
the pollen is usually dry and smooth, and is produced in 
great abundance, as much of it must be wasted; the 
flowers are small and inconspicuous ; there is no honey or 
perfume ; and frequently the stigmas are branched and 
feathery, to catch the pollen-grains. In many trees which 
are wind-pollinated the. flowers appear i^^ spring before the 
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leaves, so that the pollen-grains have free access to the 
flowers. In most herbaceous plants with wind-pollinated 
flowers, the latter are carried up on a long stalk, well above 
the leaves, so as to expose them as freely as possible to the 
wind (e.g. Plantains, Docks, Sorrels, etc.). 

Much greater variejby of adaptation is shown by entomo- 
pkilous flowers. As a rule they have large, conspicuous, 
or highly-coloured corollas, or are arranged in conspicuous 
inflorescences; they usually secrete honey and give out 
perfume. The pollen is usually rough and sticky, and is 
not produced in any great abundance, as the provision for 
its transference is more perfect. The bright corollas, the 
perfume and honey serve to attract insects. To under- 
stand this, tlie student must remember that insects do not 
visit flowers for nothing. They go in search of food. In 
return for the service rendered by insects the flowers sacri- 
fice part of their nutritive substance in providing food to 
the insects (honey and pollen), and make a further sacrifice 
in developing certain structures (corollas) which will attract 
the insects. By instinct insects associate these attractive 
structures with the presence of a supply of food-material. 

A honey less but otherwise insect-attracting flower is 
sometimes called a ** pollen-flower.*’ Examples are found 
in Poppies, Dog Kose, Eock-rose, Wood Anemone, Tra- 
veller’s Joy, St. John’s Wort, Gorse, Broom, Meadow 
Sweet. These flowers are visited by insects for pollen. 

Many entomophilous flowers are further characterised 
by the presence of ingenious mechanical devices, which 
guide and control the movements of the insect and turn 
them to the bcAt account. Thus, in many cases, the corolla 
is so modified' that the insect must alight on the flower or 
enter it in a special way (e.g, Labiato, Leguminosse) ; the 
same result may be attained by the secretion of nectar into 
special receptacles or spurs (e.g. in the Violet). Often the 
insect, on entering a flower, pushes against special pro- 
cesses or outgrowths whicb^ move the stamens and bring 
the anthers in contact with its body {e.g. in the Sage) ; or 
the stamens may be jerked, and the pollen scattered over 
the insect’s body. Frequently spots or lines of a con- ; 
'spicuous colour are develop^ on the corolla; these hav^ 
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been called “ honey-guides,” as they are believed to afford 
insects guidance in seeking out the honey. 

The general result of all these devices is that the insect 
receives the pollen on a special part of its body, and when 
it enters another flower the pollen is deposited on the 
stigma. In many protandrous flowers this is secured by 
the style bending over so that the stigma is in the position 
formerly occupied by the stamens. 

A very special, but at the same time very simple, arrange- 
ment for making the best use of the insects is the condition 
known as heterostyly. It is seen in the Primrose. Here 
there are two types of flower borne on different plants. 
One kind (thrum-eyed) has long stamens (with anthers in 
the throat of the corolla tube) and a short style ; the other 
(pin-eyed) has a long style and short stamens; thus in 
the two types the positions of anthers and stigma are 
simply reversed. Evidently i)ollination will be most 
readily effected by transference between these two forms 
(legitimate pollination) and not between two flowers of 
the same form (illegitimate pollination) ; and experiment 
has proved that the best seed is produced when this is the 
case. In the Primrose there are two kinds of flower; 
this is the dimorphic fonn of heterostyly. In the Purple 
Loosestrife {Lythrum) there are three, i,e, flowers with 
long, shori, and medium stamens ; this is the triniorphic 
form. 

§ 6. Insects that visit Flowers. — The chief flower- 
visiting insects are beetles (Coleoptera), flies (Diptera), 
bees and wasps (Hymenoptera), butteiHies and moths 
(Lepidoptera). In connection with the pollination of 
flowers, the important differences to be noticed* between 
these insects are the size of the body, the length of the 
tongue (proboscis), the time of year at which each kind 
is most plentiful, and their habits — e.g, whether they col- 
lect pollen or honey or both, whether they fly by day or 
in the evening. By carefully studying the structure of a 
flower, and noting such points as the time of flowering, 
the order in which the anthers and stigmas mature, the 
^.i^tiye positions of anthers and stigmas in the open flower 
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and any changes in position that may occur, we can often 
tell what kind of insect is capaj^le of effecting cross-polli- 
nation, and wfiether or not self-pollination is possible. 

. Most flies and beetles have very short tongues, 'usually less than 
3 mm. long. Most of the larger and longer- tongued flies, e,g. Gad- 
flies, ** Cleggs,” and Horseflies (which are blood-suckers) do not 
visit flowers ; but there are some, chiefly Hover-flies and Bee-flies, 
with tongues sometimes as long as 12 mm. , which are regular flower- 
visitors. 

Flowers may be arranged in various biological groups or classes 
according to their adaptations for insect- visitation : — 

(1) Flowers adapted for Sbort-tongued Insects.— These 
may be (a) flowers in which the honey is freely exposed on the 
surface, e.g. Ivy, Umbelliferse, Golden Saxifrage, etc. ; (6) flowers 
with a very short tube, e.g. Moschatel, Bedstfaw, Enchanter’s 
Nightshade ; (c) shallow open flowers such as Stonecrop and Saxi- 
frages. Such flowers are visited by the shorter- tongued beetles 
and flies. 

(2) Flowers with partially -concealed Roney. — This group 
includes flowers in which the honey can be reached only by insects 
with tongues at least 3 mm. in length, and which are therefore 
visited by the longer-tongued beetles and flies, as weU as by insects 
of higher type. The honey may be slightly concealed by the 
stamens, e.g. Buttercup and Stitch wort ; by the erect stiff sepals, as 
in the smaller Cruciferse ; by the formation of a shallow calyx- tube, 
as in many Kosacese (e.g. Strawberry) ; by a short corolla tube, e.g. 
the shorter- tubed Conipositse, Guelder Bose, etc. 

(3) Flowers with fnlly-eoncealed Honey. — This type of flower 
differs only in degree from the last. Here the honey can only be 
reached by insects having tongues about 6 mm. long, including the 
longest- tongued flies (chiefly hover-flies), the shorter- tongued bees, 
and wasps. The concealment of the honey is effected by a further 
deepening of the flower, owing to the formation of a calyx-tube, to 
the calyx being ga^osepalous or the corolla gamopetalous, or to 
other causes. Exqjiiples of these medium-tubed flowers are seen 
in the Blackberry, Currants, Gooseberry, Willow-herb, Geranium, 
Speedwell^ etc. The Figwort, Snowberry, and Barberry are 
examples of flowers largely visited by wasps. 

(4) JLovg-tuhed Flowers. — ^When the flower-tube becomes 
longer, all the shorter-tongued insects are more or less completely 
excluded, and the flower is adapted for, and chiefly visited by, the 
larger bees, butterflies, and moths."^ Many flowers belonging to the 
Lily, Daffodil, and Iris families of Monocotyledons, in which the 
^rianth nearly always forms a long tube, come under this type. 
Flowers like those of Papilionaceee, Snapdragon, and Toadflax caii : 
only be opened by large bees, and only the longest- tongued bees 

reach the honey in such flowers as Monkshood and Larkspur. 
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Humble- and hive-bees have the most perfect mechanism (the 
** pollen-baskets ” on the hind-legs) for collecting pollen to mix with 
lioney and feed their broods. Humble-bees have longer tongues 
than hive-bees, and are particularly skilful in finding the way to 
well-concealed honey. 

Blue, purple, and red colours are often associated with flowers 
visited by bees (especially blue and purple) and butterflies (especi- 
ally red), while flowers visited by other insects are usually white, 
yellow, or variegated; but there are far too many exceptions to 
allow of a general rule. 

(5) Butterfly- and Moth-Flowers. — When the flower-tube (or 
at any rate the level of the honey) is more than about 12 mm. 
(about half an inch) deep, the honey is beyond the reach of bees, 
though they may visit the flower for pollen, or the humble-bee may 
bite through the tube (calyx or corolla) and thus rob the flower of 
its hon^. Good examples of butterfly-flowers are seen in the 
Pinks, Red Campion, Corn-cockle, but butterflies also visit many 
flowers which are adapted for bees, moat butterflies and moths 
having tongues of about the same length as, or a little longer than, 
those of bees. 

Some moths, however, have far longer tongues (30 mm. or more 
in British species), which arc (as in butterflies) carried coiled up in 
a [^iral under the head when flying. These moths can reach 
honey when it is at the bottom of a very long tube, as in the 
Honeysuckle, which is visited chiefly by the night-flying Privet 
Hawk-moth, and the White Convolvulus, which is pollinated by 
another species of Hawk-moth [Sphinx convolmUif tongue 80 mm. 
long), and rarely sets seed in England owing to the rarity of this 
moth. Other flowers pollinated by night-flying moths are the 
White Campion [Lychnis veapertina). Evening Primrose, Tobacco 
Plant, and Privet. Moth-pollinated flowers are white or pale- 
coloured, sweetly scented, and open in the evening, usually 
remaining closed and almost scentless during the day. 

§ 7. Ezamples of Floral Mechanism.— (a) In the Garden 

Pansy (Fig. 157) the anthers of the five stamens are firmly joined 
by hairs on their edges, and the two anterior stamens bear pro- 
cesses, functioning as nectar- glands, which pass down into the spur 
of the anterior petal. A space. or chamber (“pollen- box”) is 
enclosed above the ovary, at the base of the style, by the five 
membranous scales borne on top of the anthers. The stigma, 
which projects beyond the anther-scales, is dilated and hollow. 
It has a tuft of hairs on each side, and below there is an opening ‘ 
into it,' the lower edge of which is protected by a lip or flap (the 
“scraper”). 

The flowers are not erect, but hang down, and hence the pollen, 
which is shed on the inner faces of the anthers, aiid is dry and 
loose, not sticky as in most entomophilous flowers, falls into the 
“pollen-box,” from which it can escape only through the opening 



Fig. 168 . —I, Flower of Sage from ; II, with humblb^ek bxtIiaotiho 
NECTAR, AND THE ANTHERS RUBBING AGAINST ITS BACK ; III, SINGLE STANEN. 

(6) In the Sage {Salvia), one of the Labiate Famil^r, an intetesting 
mechanism is found (Fig. 158). The oorpila is bilabiate.- The oon- 
spiouous lower lip attracts insects, and acts as a landing<piaoe. 











265 


LIFE-HISTORY OF THE* ANGIOSPEBM. 

The arched upper lip protects the stamens and style. Tliere are 
only two stamens, the other two, characteristic of the Labiate 
Family, being represented in the Sage by staminodes. 

The two stamens have a peculiar structure. Bach has a short 
filament, jointed to a long curved connective (Fig. 158, III. c). In 
the lower types of Salma eacli end of the connective bears a half- 
anther, but in the higher types (e.</. the Garden Sage) the lower 
end of the connective is barren and flattened (B'ig. 158, III. Z>), and 
the upper mrt of the connective is longer than the lower, the whole 
forming a delicate lever. 

A bee on entering the flower pushes against the united lower ends 
of the two connectives in seeking for the honey, and causes the 
curved connectives to swing on the filaments as on hinges, so that 
the two fertile anther-lobes (a) come down and strike the bee’s back, 
dusting it with pollen. As the bee retires, the stamens return to 
their former place under the corolla-hood. 

The flowers are protandrous. As the flower gets older the style 
bends down, and the stigma is first touched by a bee entering the 
flower. 

§ 8 . Special Arrangements for Self-Pollination. — 

In studying floral mechanisms we are too apt to forget 
that self-pollination occurs regularly in most flowers where 
it is not precluded by dioecism, complete dichogamy, or 
self-sterility, that it is rarely much inferior to cross-polli- 
nation in its results, and that it is always better than no 
pollination. 

Many annual plants cannot afford to undertake the risks 
and sacriflees attendant on cross-pollination and are com- 
monly self -pollinated {e.g. Groundsel, Chickweed). They 
have small flowers, often without honey or smell, and are 
either homogamons, that is, their anthers and stigmas 
mature at the same time, or so slightly dichogamous that 
self-pollination is secure. 

Even in flowers evidently adapted for cross-pollination 
there is commonly the possibility of self-pollination as a 
last resort. Many of them are distinctly dichogamous, 
but not completely so, there being usually a short period 
during which self-pollination becomes possible. To effect 
this there are sometimes special contrivances such as the 
curling back of the stigmas to reach the pollen (e.^. Com- 
positss, Gampanulac^). 

A very sp^ial adaptation for self-pollination is the pro- 
duction of cleistog^ow fiowerg. These are closed 
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flowers produced late in the year by certain plants which 
had previously produced entomophilous flowers, e,g, the 
Sweet Violet, tjie Wood Sorrel, Lamium ampleodcaule (one 
of the Dead-nettles), etc. In these plants the ordinary 
entomophilous flowers frequently fail to produce seed. 
The cleistogainous flower is small and inconspicuous. The 
calyx never opens, and the stamens and pistil are developed 
in a closed case. 

In the Sweet Violet the solf-pollinating cleistogamic flowers have 
five very small petals and five stamens, but in the Dog Violet there 
are only two stamens. The anthers produce few pollen-grains, and 
do not open ; the grains germinate inside the anther, and the 
pollen-tubes (see § 10) grow through the anther- wall and the style 
to reach the ovules. The formation of these flowers is partly 
dependent on shade ; they are always shaded by the leaves of the 

S lant itself. If a plant is kept in feeble light, it will usually pro- 
uce only those cleistogamic flowers. They are probably to bo 
regarded as derived from flowers of the ordinary type which have 
undergone reduction owing to diminished nutrition. 

§ 9. Protection of Pollen against Bain. — Pollen- 
grains, like seeds, are much less resistant to extremes of 
temperature and to drying when once they have been 
moistened and have begun in consequence to germinate. 
Pollen may be protected* from rain in various ways. In 
. some flowers, especially those whose pollen is exposed to 
rain when the flower opens, the pollen grains are not readily 
wetted, having a covering of wax or of spines, etc. 

Many flowers protect the pollen by their horizontal or 
drooping position, e.g. Heaths, Bluebell, Lily of the Valley, 
Violet. In some oases the flower closes up at night or 
in bad weather, Wood Sorrel, Tulip, Crocus, Lesser 
Celandine, Scarlet Pimpernel; and the same kind of 
closing is effected in the flower-heads of many Composites 
by the movement of the flowers and bracts. In the Iris 
the large petaloid stigmas cover the stamens, and in many 
flowers the stamens are protected by a' hood formed by 
the sepals or petals, or by both.^ 

§ 10. Germination of the Pollen Grain. Proceeeee 
leading np. to and ending in Fertilieatioh.— At first 
the pollen grain is unicellular (Fig. 130), but later, even 
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before it leaves the anther, its nucleus and protoplasm 
divide to form two cells (Fig. 169, a). One of these, the 
generative cell, is small and lies freely in the protoplasm 
of the larger or vegetative cell. Either before or after 
pollination it divides again 


into two male cells or gam- 
etes (see p. 16). There are 
no cell-walls between these 
cells. Germination and fur- 
ther development take place 
on the stigma, which secretes 
a sugary nutritive fluid. 

The vegetative cell 
bursts the exine at a point 
where it is thin and grows 
out into a very slender pol- 
len-tnbe (Fig. 159, b). The 
pollen-tube grows down 
through the tissue of stigma 
and style and finally enters 
the- ovary. Its development 
and growth are at first stimu- 



Pig. 169 .— Germination of Pollen- 
grain. 


lated and directed by chemi- 
cal substances contained in the stigma. This is an ex- 
ample of chemiotazis or sensitiveness to chemical stimuli 
(p, 213). Its growth through the tissue of stigma, and 
style is effected by ferment action and closely resembles 


that of the hypha of a fungus. 

After entering the ovary the pollen-tube is guided in 
various ways towards an ovule, which it enters usually by 
the micropyle. It pierces the apex of the nucellus and 
comes in contact with the embryo-sac near to the oosphere 
and synergidEe. The male gametes together with the 
nucleus of the vegetative cell have by this time passed 
down to the apex of the pollen- tube. One male gamete 
only is concerned in the actual process of fertilisation. It 
passes from the pollen tube into the embryo-sac and fuses 
with the oosphere. The synergidsB assist in the process, 
hence their name synergidee or “ help^cells (Gr. crvr, with, 
«pyov, work). They contain little protoplasm, but plenty 
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of sap which is absorbed by the pollen- tube when it has 
reached the surface of the sac. This causes the tip of the 
pollen-tube to swell and burst, thus setting the male 
gametes free. 

The fusion of the protoplasm and nucleus of the male 
gamete with those of the oosphere constitutes fertilisa- 
tion in the strict sense. It is evidently a sexual union 
similar to that which occurs in animals. The oosphere is 
the female cell or gamete. During the process the vege- 
tative nucleus is disorganised. The fertilised oosphere 
forms a cellulose wall and is then called the oospore (p. 46). 

The fate of the second male gamete was, until recently, 
unknown. It has now been shown, in many plants, that 
it passes to the middle of the embryo-sac and fuses with 
the secondary nucleus. The resulting nucleus is called the 
e'lidospe'i'm-nucleua. The significance of this process, which 
resembles fertilisation, and which, together with the actual 
fertilisation of the oosphere, constitutes what has been 
called § ** double fertilisation,” is considci'ed in § 12. 

In a very few Dicotyledons, the Hazel and Birch, the pollen- 
tube does not enter the ovule by the micropyle, but by piercing the 
chalaza or base of the ovule. This is known as chalaBOgamio 
fertilisation as distinguished from the usual or porogamio method. 
It has no systematic importance, as it occurs in plants which are not 
closely related to each other. 

§ 11. Development of the Embryo. — The stimulus of 
fertilisation induces changes in the embiyo-sac and ovary, 
and leads to the development of the seed and fruit. The 
eipbryo is developed from the oospore. After fertilisation 
the synergidfiB disappear. 

The development of the embryo in the Shepherd’s Purse 
(Capsdla bursa-pastoris) may be taken as fairly typical of 
Dicotyledons generally. The oospore first of all divides ^ 
into two cells, an upper and a lower (Pig. 160). The 
upper cell, which becomes a^ached to the micropylar 
end of the embryo-sac, further divides by a series of 
divisions parallel to the first and gives rise to a row or,, 
filament of cells called the suBpehgor, The lower cell is 
attached to the end of this and divides by three Walls 
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at right angles into eight cells (octants). Four of these are 
posterior (next the suspensor), four anterior. This little 
mass of tissue is called the embryonal maste- 

As the embryonal mass increases in size the various 
parts of the embryo are gradually differentiated. The 



(Cotyledons 

Fig. 160.— Dkvelopmknt op Dicotyledonous Embryo (Capsella 
bursa-pastori8, the Shepherd’s Purse). 

A, First division of oospore. Only two of the octanLwalls 
(1, 2) can be shown. 

terminal plumule and the two cotyledons are derived from 
the four anterior octants, the hypocotyl from the posterior 
octants ; the growing point of the radicle — in other words, 
the primary root — is derived from the terminal cell of the 
suspensor, called the h3rpopliysis cell. The marking out 
of plerome, etc., can be readily followed in Fig. 160. 

In Monoootyliedons also the first division of the 
oospore is into upper and lower cells; but the' course of 
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development differs in different groups, and there is no 
monocotyledonous plant in which the development of 
the embryo cg^n be regarded as typical of Monocotyledons 



Fig. 161.— Development of Monocoty- 
LEDONOU8 Emiiryo (AHsmo). 

a is the Embiyonal Coll (in B) forming 
the embryonal mass (in G, D, E, F) ; it 
gives rise to the cotylfidon. c, d, e, f 
are formed by division of ft, the terminal 
oell of Buspensor. c gives gi'o wing-point 
of stem; d, e give ‘Jiypocotyl ; the 
growing-point of l odt. 


generally . In some cases 
no suspensor is formed 
and tlijB whole of the 
embryo is developed from 
the embryonal cell. In 
otlier cases there is a 
filamentous suspensor 
which takes part to a 
greater or less extent in 
the formation of the 
embryo. This is the 
characteristic mode of 
development in mono- 
cotyledonous aquatic 
plants of which Alisma 
plantago may be taken as 
the type (Fig. 161). In 
the Lily family, which 
may be taken as more 
characteristic of Mono- 
cotyledons generally, the 
suspensor is massive and 
the greater part of the 
embryo is developed from 
the embryonal mass. 

The chief point to 
notice in the develop- 
ment of the monocotyle- 


donous embryo is that, 
except in a very few cases, the cotyledon is a terminal 
structure, and the plumule arises as a lateral outgrowth. 


In some plants, e.g. Orchids and various parasitic plants, the 
embryo remains in a rudimentary state till the seed is formed. 


§ 12. Development of the Endosperm. — While the 
segmentation of the oospore and the development of the 
em\>ryo are taking place other changes are proceeding in 
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the embryo-sac. The endosperm-nucleus begins rapid 
karyokinetic division, and produces a large number of 
small nuclei embedded in the protoplasm of the embryo- 
sac. The protoplasm aggregates round these nuclei to 
form protoplasts (p. 20) and finally cell-walls are laid 
down between them. Thus by a process of free cell- 
formation (p. 44), starting from the endosperm-nucleus, 
a tissue is formed in the embryo-sac. The cells of this 
tissue become laden with food -material (starch, oil, 
aleurone grains, etc.) built up from soluble compounds 
which diffuse into them from the placenta. The nutritive 
tissue thus formed in the embryo-sac is the endosperm. 

The significance of the fusion of the second male gamete 
with the secondary nucleus of the embryo-sac (“ double 
fertilisation,” p. 268) is not understood. By some it is 
regarded as an act of fertilisation, in which case the 
endospenn would be an undifferentiated embryo devoted 
to supplying the actual embryo with food. At present, 
however, we may accept provisionally the other and more 
probable view, that the fusion merely provides the neces- 
s^y stimulus to the development of the endosperm tissue. 

In a few plants, more especially when the embryo-sac is large, 
the endosperm is not produced by free cell-formation, but by 
ordinary cell-division of the embryo-sac, i.e, the secondary nucleus 
divides into two, and then a wall is laid down dividing the embryo- 
sac into two cells, in e.ich of which the process is repeated. 

§ 13. Apogamy and ParthenogenesiB.— In a few cases amongst 
Flowering Plants {e.g. in species of Thdlictnvmy AkhemUla^ and 
various Composites) the oosphere or egg-cell may develop into an 
embryo, although unfertilised. This phenomenon, in which an 
embryo is developed in spite of the omission of the sexual process, 
is called apogamy. Sometimes in lower plants the embryo is 
developed by a purely vegetative process. When, as in the flower- 
ing plants mentioned, it is developed from an unfertilised egg-cell 
the phenomenon is called parthenogenetio apogamy or partheno- 
genesis. 

§ 14. AdveutitiouB EmbryoB — Polyembryony.—In some 
plants a number of embryos may be formed in one ovule, and be 
found in the seed which is produced. This phenomenon is known 
as volyert^yony. It may due to the presence of more than one 
embryo-sac in the same ovule, or of more than one egg-cell in 
the embryo-sac. As a rule, however, the embryos arise by purely 
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vegetative budding from the cells of the nucellus (e.g, iii Orange 
and Lemon), or in rare oases from the antipt^al cells. Embryos 
formed in this way are called adventitious embryos and are 
examples of puifely vegetative apogamy in Flowering Plants. 

§ 15. Formation of Seed and Fruit. — The embryo-sac 
with its developing contents increases in size, and the 
nucellus is gradually crushed and disorganised, and finally 
disappears. The integument or integuments of the ovule 
become dry and firm, and form the. seed-coat surrounding 
and protecting the embryo and endosperm. The ovule 
has now developed into the seed. 

In all seeds at an early stage endosperm is present. 
If the embryo remains small, and the endospenn persists, 
the fully- formed seed is alhuminous (most Monocotyledons 
and many Dicotyledons). In many Dicotyledons, however, 
and in a few Monocotyledons, the cotyledons of the 
embryo absorb the endosperm tissue while the seed is 
ripening ; in this case the endosperm disappears, and the 
embryo is large. These are exalhuminous seeds. 

In a very few cases the nucellus is not completely dis- 
organised, but, like the endosperm tissue, becomes laden 
with food-material. The nutritive tissue thus formed 
outside the embryo-sac, and therefore quite distinct from 
the endosperm, is called perisperm {e.g. Water Lily and 
Pepper). 

It does not follow that all the ovules whose egg-cells are 
fertilised form fully developed seeds. In many cases there 
is a struggle for dominance amongst the developing seeds 
in an ovary owing to a limited supply of food-material or 
other causes. unfrequently only one ovule comes to 
maturity. ThuV in the Oak and Beech the ovary is 
trilocular, with two ovules in each loculus j but the fruit is 
unilocular and one-seeded. 

The seed, then, is the highly specialised reproductive 
structure which is formed in Flowering Plants by develop- 
mental changes induced in the ovule .by the stimulus of 
fertilisation. But the student has now to notice that these . 
induced or stimulateid developments are not confined to the. 
ovule, but extend to other parts. Processes oi secondury 
growth are set up in the ovary and the neighbouring parts 
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of the flower. The entire result of these changes consti- 
tutes the firait in'the wide sense of the tenn. 

The function of the fruit is to protect the seed, and to 
secure its proper dispersal at the right time. 

§ 16. The Snspenaor. — It is only occasionally that the 
suspensor acts as an absorbing organ. Its function is 
simply to push the embryo down into the endosperm. 
Sometimes, however, when the suspensor is massive, it 
sends out processes which pierce the nucelius and integu- 
ments, bury themselves in the placenta, and take up food- 
material (some Orchids). 

§ 17. Development of the Kew Plant. — A period of 
rest, previous to germination, usually follows the complete 
development of the seed. This period may be short or 
long. Many seeds can retain their vitality for many 
years, but if this period is indefinitely prolonged, the 
vitality is, sooner or later, lost. This explains the sudden 
appearance of weeds on land which has been reclaimed and 
brought under cultivation. 

Thus the development of the oospore into the adult 

C l) takes place in two stages — one inside the seed, 
ng to the formation of an embryo, the other when 
germination takes place, and the embryo develops into the 
adult plant (see p. 213). 

§ 18. Aril and Garnucle. — Sometimes after fertUisation 
an additional investment is formed on the seed called the 
curih It may be developed from either the funicle or the 
micropyle, and is usually fleshy, but may have other forms. 
In the Spindle-tree it is fleshy and nucropylar in origin ; 
in the Willow and Poplar it is hairy and funiculaj*. The 
mace of the nutmeg is an aril developed from both 
micropyle and funicle. Smaller growths on the seed are 
called ewfuncles, e,g, the Pansy, in which the caruncle is 
formed at the hilum^ t£e Castor-oil (Fig. 38) and Spurge, 
where it is formed at the micropyle; the tuft of hairs on 
the seed of the Willow-herb is also of this nature. Most 
botanists apply the term arfl to all growths or investments 
formed on the seed-coat after fertilisation. 

SOT, 18 



CHAPTER XII. 

FRUITS AND SEEDS. 

§ 1. The fruit of tlie Angiosperm in the wide sense 
is the entire result of secondary growth induced in the 
ovary and neighbouring parts of the flower by the stimulus 
of fertilisation. It usually consists simply of the ripened 
ovary, but in many cases other parts of the flower take a 
share in the formation of the fruit, e.g. the thalamus, or the 
perianth-leaves. The wall of the ovary becomes the 
pericarp or fruit- wall, which may either remain soft and 
fleshy, or become dry and hard. 

Botanists have distinguished U'Me fruits, formed from the ovary 
alone, from false fruits {pseudocarps), in the formation of which 
other parts of the flower take a part. No importance can be 
attach^ to tiiis distinction.- It would lead, for example, to the 
view that all fruits forra9d from inferior ovaries are false fruits, 
seeing .that in the inferior ovary the carpels are adherent to the 
thalamus or calyx-tube. The really important thing in connection 
with the study of fruits is to recognise that the manifold peculiari- 
ties of form and structure which they exhibit are to be interpreted 
as duo to the diversity of ways in which they have been adapted to 
carry on the functions of seed-protection and seed-dispersal. 

f9 

§ 2. Classification of Fruits. — Fruits may be simple, 

aggregate, or composite. A simple fruit is one which is 
formed from a single flower in which the pistil is mono- 
carpellaxy or syncarpous, e.g. the pod of the Pea, the 
capsule of the Poppy. An aggregate fruit is one which is 
formed from a single flow^ in which the gynaaceum is 
apocarpous. Here each carpel (or rather ovary) gives rise 
to a f ruitlet, and the fruit therefore consists of an aggre- 
^tion of fruitlets. A composite fruit, on the other ha.nd, 
is formed from oxl inflorescence, not from a single flower. 

274 
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Here all the flowers increase in size, become aggregated 
together, and form a single mass. These coj:nposite fruits 
are called syncarps. 

The Simple Fruits are further subdivided into dry 
and succalent according as the pericarp is dry and firm 
or more or less fleshy and juicy. The dry simple fruits 
are either acheuial, capsular, or schizocarpic ; the 
succulent simple fruits may be drupaceous, baccate, 
or pomes. The aggregate fruits are collections of one or 
other of these simple forms. The syncarps have peculiari- 
ties which distinctly mark them off from these others. 

It should be noticed that there is no sharp distinction 
between dry and succulent fruits. There are examples 
of fleshy capsules and dry drupes. 

§ 3. Acbeuial Fruits. — Achenial fruits may be defined 
as dry, indehiscent, one^seeded fruits. The term indehis- 
cent means that the pericarp does not naturally burst 
open to allow the seed to escape. The pericarp and testa 
are both ruptured when the embryo begins to develop at 
germination. The chief types of achenial fruits are : — 

(а) The achene, in which the pericarp is membranous 
or leathery. It is formed from a superior ovary, and 
pericarp and testa are free from each other. Examples 
are found in the Polygonaceae (Docks and Sorrels). Muny 
aggregate fruits consist of collections of achenes. 

(б) The cypsela (Figs. 35, 162 a). This differs from 
the achene only in being developed from an inferior ovary. 
It is the characteristic fmit of the Compositse (Sunflower, 
Daisy, etc.). In many cases it is crowned by a persistent 
hsbiry pappus (p. 228) which serves to disseminate the fruits 
(e,g. Dandelion, Thistle, Groundsel, etc.). 

(c) The caryopsis (Pigs. 39, 162 c). This is simply 
an achene in which the pericarp and testa are fused 
together. It is the characteristic fruit of Grasses (Oat, 
Maize, Bfirley, etc.). In many cases the fruit or grain ” 
is invested by the persistent bract and bracteole (e,g, the 
Oat). 

(a) The samara, or winged achene. Here the pericarp 
has devdoped a membrane or wmg which plays an 
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important part in the dispersal of the fruit, e.g, the Ash 
(Fig. 42) and Elm (Fig. 162, b). 

{e) The nut, in which the pericarp is hard and woody, 
forming a shell. The term is usually applied to all large 
or hard-coated achenes. Typical examples are found in 
the Hazel, Oak, Beech, Sweet Chestnut. In these examples 
the nuts are invested by a hard or membranous structure 
called the cupule, derived from the fusion of bracteoles 
developed beneath the flower. Sometimes the cupule 
encloses one nut, sometimes several. The cup or cupule 




PERICARP 

--TESTA 

ENDOSPERM 
SCUTELLUM 
PLUMULE 
-- RADICLE 


Fig. 162. — AciiENiAi. FRurra. 

A, Cypseltt witli jiappuH ; B, Samara of Elm ; 0. Caryoi)sis of Oat. 
(C, Jiongitudiual Hoction — ^bract and bracteole removed.) 


of the acorn, the membranous “husk” of the hazel-nut, 
are well known. In the Sweet Chestnut two nuts are 
enclosed in a spiny cupule, and in the Beech there are 
usually two triangular nuts enclosed in a cupule which is 
almost closed and also slightly spiny. 

\ The student must be careful to distinguish these cupules 
from the capsules presently to be described. He should 
also notice that many structures, popularly called nuts 
because they have a hard shell, are not really nuts. Thus 
the “ brazil-nut ” is a seed (derived from a capsular fruit). 
The walnut is part of a drupaceous fruit (p. 281). 

§ 4. Capsular Fruits. — These are c^ry, 

Beeded fruits. The term dehiscent means that the fruits 
break open naturally to allow the seeds to escape. There 
are different kinds of capsular fi'uits. 
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(а) The follicle is formed from the ovary of a single 
carpel. It splits open along one side only, usually the 
ventral suture (p. 237). There is no com- • 
mon example of the simple follicle; but 
many aggregate fruits consist of follicles 
(Fig. 163). 

(б) The legume or pod (Pig. 88, b) 
is formed from the ovary of a monocar- 
pellary pistil. It differs from the follicle 
in dehiscing along both dorsal and ventral 
sutures. It is the characteristic fruit of 
the Leguminos® (Pea, Bean, etc.). 

(c) The siliqua is a characteristic 
fruit of the Crucifer®, e.g. Wall-flower 
and StocTc. It is developed from the ovary 
of a bicarpellary pistil, in which there are 
two parietal placentas and a false septum stretching be- 
tween them, so that the ovary is bilocular. It is a long, 
cylindrical fruit, and, in dehiscing, the two walls of the 



Fig. 103.- 

TION ( 

O ¥ FoiiLlCLKH 
OF Monkshood 



Fig. 164.— Fruit and Embryo of CRUCiFRRiE. 

A, Silicule ; B, Siliqua ; G^'One form of embryo, entire and in seotion. 
A and fi show tlie dehiBcence. 


loculi break away from the two placentas and false sep- 
tum, and hang freely suspended from the apex of the fruit 
(Pig. 164, b). Thus the two placentas are left behind, 
forming a two-ribbed framework called thereplum, across 
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which the false septum stretches. The seeds are, of 
course, exposed on this structure. 

(d) The silicula (Fig. 164, a) is simply a short, flat 

form of siliqua {e.g. Shepherd’s 

VALVE STIGMAS Purse, Honesty, and other Cruci- 

PORE capsule includes all 

other forms of capsular fruits. 
fill \\\\ Capsules are formed from poly- 
I / I I \ 1 1 1 carpellary, syncarpous pistils, and 

yl I I ) 1 / may be unilocular or multilocular. 

\\ \ \ i } )/ Occasionally they are not dry, but 

more or less fleshy, e.g. in Horse 
Chestnut, Balsam, and Wood 
Fig. 105 . — Capsule of Poppy. Soirel. 

(Porous deiiiscence.) Various modos of ■ dehisconce 


are met with. In porous dehis- 
cence the seeds escape through little holes or pores in the 
wall of the capsule, either at the apex {e.g. Poppy, Pig. 
166) or at the base {e.g. Campanula). The capsule. of the 
Stitchwort and other Caryophyllacese splits about half-way 
down into twice as many teeth as there are carpels 
{dehiscence by teeth). In the Pimpernel and Plantain there 
is transverse dehiscence, leading to the separation of a lid 
from the top of the capsule. Such a capsule is called a 


LOCULICIDAL SEPTICIDAL / SEPTIFRAGAL ; 



Fig. 166.— Dehiscence of Multilocular Capsules. 
(Diagrammatic transvei-se sections.) 


pyxidium. Usually, howew, capsules open longitudi- 
nally, either along the midribs of the carpels (dorsal 
sutures) as in Willow-herb and Bluebell, or (more rarely) 
along the partitions between the chambers of the ovary, as 
in. Foxglove and St. John’s Wort. 
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In multiloc\dar cajpsule8f with axile placentation, the dehiscence 
is locvUcidal (Fi^. 166) if the slits run down the middle of the car* 
pels {i.e, open into the loculi), the septa aind placefitas breaking 
away in the middle (Iris) ; aepticidal^ if the slife run down the 
middle of the septa, the placentas separating in the middle (Rho- 
dodendron) ; septifragal^ if the slits appear as in loculicidal or sep- 
tioidal dehiscence but the septa break and the placentas and seeds 
are left in the middle [Datura^ the Thorn-apple). 

§ 5. Schizocarpic Fruits (Schizoca^s), — These are 
dry, many-seeded fruits, which, as they ripen, wp into 
a number of one-seeded 
and usually indehiscent 
parts resembling achenes 
and called mericarps. 

The best known forms 
are: — 

(a) The lomentum, — 

This is found in some 
Leguminosae {e.g. Iledysa- 
rum, the French Honey- 
suckle, Fig. 167, a) and 
some Crucifers {e.g. the 
Radish), in which the fruit 
(pod or siliqua) splits 
transversely into one-seed- 
ed pieces. More strictly 
the fruit is described as a 
lomentaceous pod or sili- ^ 
qua, as the case may be. 

(h) The cremooarp carpophore 
(Fig. 168, A, b). — This 
is the characteristic fruit Fig. 167.— Sohizooarpic Fruits. 

of the TImbelliferas. It is 
developed from a 
lary pistil with 
lar, inferior ovary in each loculus of which there is a single 
suspended ovule (Fig. ,136). As it ripens the cremocarp 
splits, longitudinally (between the two loculi) into two 
mericarps, which remain for some time attached to a 
prolongation of the axis called the ca/rpo^hore. Each 


bicarpel- 
a bilocu- 


Jficspxp I V/U&UPlIiXliD I 

Geranium. 
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mericarp contains a seed. These mericarps are popularly 
called seeds, e,g, the caraway “seed§ ** (Fig. 168, c). 

(c) The oorcernlns (Fig. 167, c). — This is iiie char- 
acteristic fruit of the orders Labiat!® and Boraginaceas. 

In these orders the fruit 



Fig. I68.--F11UIT AND Seed op Umbellipeuas. 

A, B, The Cremocarp; 0, Longitudinal and 
transveree sections of a mericai*p of the 
Caraway. 


is formed from a bicar- 
pellary pistil with a 
superior ovary which 
becomes quadrilocular 
owing to the formation 
of two false septa. As 
the fruit ripens the four 
mericarps separate from 
each other towards the 
middle. In the carcer- 
ulus of the Mallow the . 
superior ovary of the 
polycarpellary pistil 
splits into a large num- 
ber of mericarps. 

(d) The regma 
(Fig. 167, d). — T his is a 
schizocarp which breaks 
up into one-seeded de- 
Jiiscent parts, which are 
not called mericarps, 
but cocci, e.gf. Geranium 
and Castor-oil. In the 


Geranium the pistil is 
formed of five carpels fused round a long carpophore. 
The five styles the carpels are also adherent to the 
carpophore. When ripe the cocci break away and remain 
sui^nded by their styles from the apex of the caipophore. 
(e) The double samaira, — ^This is the fruit of the Syca- 
and Maple (Figs. 41, 167 b). Sometimes it consists 
three or four samaras instead of two. 


§ 6. Drupes (“Stone” fi^te). — simple drupe, 6.$r. 

Cherry, Plum, Apricot, etc., is formed from a monocarpel* 
lary pistil with a superior ovary., The pericai*p shows. 
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three regions : — (a) the ej^icarp or outer skin, (6) the 
mesocarp or middle fleshy region, and (c) the endocarp, 
the hard inner part, forming the “ stone,” which encloses 
and protects the seed. TJsu^ly there is only one seed. 

The drupe of the Almond has a velvety skin and rather 
tough mesocarp, which splits along one side; the shell 
(endocarp) has sometimes two seeds inside it. 

Drupes may, however, be syncarpous, in which case 
each chamber of the ovary may form a distinct stone. 
The so-called “berries” of Holly, Dogwood, and Elder are 
really compound drupes of this kind. The walnut and 
coco-“ nut ” also are drupes formed from syncarpous pistils. 

The thin mesocarp of the walnut peels off during 
ripening, and allows the “ stone,” enclosing a single seed, 
to escape. The cartilaginous partitions passing in between 
the cotyledons (which are covered by the testa) are in- 
growths from the endocarp. 

In the coco-nut the mesocarp (removed before ex- 
portation) is fibrous. Hence the fruit has been called a 
“fibrous drupe.” The shell is the endocarp; the edible 
substance is the endosperm ; and the brown layer covering 
it the testa. A minute monocotyledonous embryo is em- 
bedded in the endosperm at one end (below one of the 
‘ three pits at the broaW end of the “ nut ”). There is a 
space in the middle of the endosperm filled with sap (so- 
called “milk”), owing to the fact that the endosperm 
could not fill the whole of the large embryo-sac. 

§ 7. Baccate Fruits, or Berries. — ^These are succu- 
lent fruits in which the succulent mass is more or less 
pulpy, and the seeds, which are usually hard, are embed- 
ded in the pulp. The berry differs from the drupe essen- 
tially in the fact that there is no stony endocarp, although 
epics^p, mesocarp, and endocarp may be differentiated. 
Baccate fruits may be derived from inferior ovaries {e.g. 
Currant, Gooseberry, Pomegranate, Melon, Cucumber), or 
from superior (e.g. Grape, Orange). 

The orcmge is a multilocular superior berry with axile 
placentation ; the outer glandular skin is the epicarp, the 
underlying white substance the mesocarp, and the inner ' 
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membrane lining the locnli the endocarp. The juice is 
secreted by a large number of multicellular hairs deve- 
loped from the walls of the loculi. 

In the Gooseberry and Pomegranate the pulp, or edible 
portion of the berry, is derived largely (Gooseberry) or 
entirely (Pomegranate) from the outer coats of the seeds. 

The date is recognised as a berry and not a drupe by 
the fact that the “ stone is not endocai-p but seed (Fig. 
44). The outer skin of the date is the epicarp ; the sticky 
mass- underneath, the inesocarp. Surrounding the stone 
is a thin membranous endocarp. The banana is a berry 
from which, through over-cultivation, the seeds have dis- 
appeared. 

§ 8. The Pome. — ^This is the fruit found in the Apple, 
Pear, and some other Eosacese. We may take the Apple as 
an example. In the flower of the Apple there are five imper- 
fectly fused carpels enclosed in a hollow cup-like thalamus* 
(calyx-tube). Tliis is an extreme form of perigyny. As 
development proceeds, however, the carpels become adhe- 
rent to the calyx-tube so as to produce a practically epigy- 
nous condition. The whole fused mass forms the pome. 
The outer skin and the fleshy part of the apple are formed 
from the thalamus. The cartilaginous central part (core) 
is derived mainly from the carpels and is therefore the 
pericarp containing the seeds. The terms epicarp, mesp- 
carp, and endocarp should not be used for these three 
regions of the fruit. 

In the Hawthorn there may be one or several carpels, and 
they become stwy. When there is only one the ^ome of 
the Hawthorn ^osely resembles a drupe. Examination, 
however, would show the remains of the sepals, etc., at the 
apex of the fruit. These, of course, are not found in the 
drupe. 

Pomes are also found in Quince, Medlar, Cotoneaster, 
and Eowan. 

§ 9. Ag^egate Fruits. — ^The aggregates of simple 
fruitlets are called “ etserios.” There may be etssrios of 
achenes, follicles, or drupes. 
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(а) A typical etmrio of achenes is found in the Butter- 
cup (Fig. 117). There the achenes are all grouped together 
on a slender prolongation of the thalamus. Jn the Hedge 
Clematis (Traveller’s Joy) the etserio of achenes presents a 
feathery appearance because the styles are persistent and 
become hairy. The fruit of the Strawberry is an etserio of 
achenes scattered over the surface of an enlarged fleshy 
thalamus. The achenes here are popularly called seeds. 
The hip of the Wild Eose consists of an etacrio of achenes 
enclosed in a persistent hollow thalamus or calyx-tube (see 
Fig. 119, e). An interesting comparison can be made 
between this fruit and the pome. 

(б) Etserioa of follicles (Fig. 163) are found in some 
Eanunculacese {e.g. Monkshood, Larkspur, Christmas Eose) 
and a few Eosacem. They will present no difficulty. 

(c) Etserioa of drui^ea . — Examples are found in the 
Blackberry (Bramble) and Easpberry. The little drupes, 
-derived from the separate carpels, are inserted on a fleshy, 
conical thalamus. 


§ 10. Composite Fruits. — ^These are not numerous; 
the best examples are the fniits of the Fig, Pineapple, 
Mulberry, and Hop, 

(a) The Tig.— 



Fig. 169 .— Composite Fruits. 

A, Sjconus of Fig (cut vertically) ; B, Sorosin of 
Mulberry. 


Here the inflores- 
cence is a peculiar 
hollow, pear-shaped 
form of capitulum, 
the flowers being ‘de- 
veloped inside (Fig. 
169, a). The female 
flowers produce little 
fruits (achenes), 
popularly regarded 
as seeds. The com- 
posite fruit formed 


from this inflorescence is called a syconus. 


(b) Pineapple and Knlberry. — Here the composite 
fruit is called a sorosis. It is formed from a spike. In 
the Pineapple the fleshy axis and the flowers all fuse 



284 


VRXriTS AND SEEDS. 


together. The areas on the surface of the fruit represent 
the flowers. Seeds are rarely formed. Above the flowers 
the axis produces a number of leaves forming the “crown.” 
In the Mulberry (Fig. 169, b) the perianths in the female 
spike become fleshy, and enclose the true fruits. The 
whole composite fruit resembles closely the fruit of the 
Blackberry. They must be carefully distinguished. The 
fruit of the Blackberry is an etserio of drupes developed 
from the apocarpous pistil of a single flower, 

(c) The Hop. — Here the composite fruit is formed from 
an inflorescence consisting of an axis bearing a number of 
membranous scales. On the upper surface of each scale, 
at its base, are two female flowers. The fruit is called a 
strobilns. The true fruits are aclienes. 

§ 11. There are some fruits which it is difficult to classify. For 
example, the Ivy “berry” is a floshy fruit containing several seeds; 
these are not enclosed in a stony endocarp, but there is a ‘firm in- 
vestment round each. The fruit, to some extent, resembles a drupe, 
and may be called a drupaceous berry. 

§ 12. Dispersal of Seeds and Fruits. — It is mani- 
festly of advantage to the species that the seeds should be 
carried some distance from the parent plant. It gives the^ 
young seedlings a better chance in the struggle for exist- 
ence, for they are saved, to a large extent, from the compe- 
tition with each other in the matter of food, light, etc., 
which would naturally arise if they were crowded together 
ro^nd the parent. Arrangements for dispersal have an 
immense importance, also, in connection with the study of 
the distributioni^f plants over the earth’s surface. 

The means of- dispersal adopted by different plants vary 
widely, and are frequently such as to secure the almost 
ubiquitous distribution of some plants. The four com- 
monest agencies by which dispersal is secured are ; — (1) 

. ;Wind, (2) water, (3) animale, (4) ezplosiye or ejec- 
tion meebanisms in the fruit itself . 

by wind is facilitated by many differ- 
id contrivances which are to be regarded 
as- adaptations for this mode of dispersal. It should be 
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noticed that it is only in. the case of dehiscent fruits that 
adaptive mechanisms are borne by the seed ; closed fruits 
and the segments (inericarps) of splitting fruits are them- 
selves distributed, and possess contrivances for dispersal. 

(a) The seeds of some plants (e.gr. Orchids) are so small 
and light that when they are set free from the fruits they 
are freely blown about hy the wind. 

(5) “ Censer mechanism ,^^ — ^When the seeds are larger 
and heavier the fruit frequently opens in such a way that 
the seeds can only escape a few at a time, and are jerked . 
out when the plant sways in a high wind. This censer 
mechanism is seen in follicles {e,g. Monkshood), in many 
capsules which dehisce by pores (Poppy and Campanula), 
or by teeth (Campions, Stitchworts, Primrose), and in 
some capsules with longitudinal dehiscence (Lily and Iris) ; 
it is also seen in the fruiting heads of some Composites 
where the achenes have no pappus, e.g. Sunflower. 

(c) As an aid to wind-^spersal, seeds are frequently 
flattened (e,g. Wallflower), as also are the fruit-segments 
of some TJmbelliferae, and the achenes of Buttercups and 
some CompositsB. 

(d) ** Parachute mec/ia/itsma.**— Special structures of the 
nature of wing-like or hairy outgrowths are frequently 
present which enable the seeds or fruits to be more readily 
carried by the wind. The plumed seeds of the Willow, 
Poplar, Willow-herb, and Bog Asphodel have hairy out- 
growths of the nature of arils. Winged seeds are found 
in Yellow Battle, Deutzia, and Bignonia. Good examples 
of winged fruits are seen in the samaras of Ash, Elm, 
and Birch, and the “ keys ” of Maple and Sycamore. In 
the Lime, the stalk bearing the cluster of nuts hangs 
down, and the large bract attached to it acts as a kite or 
aeroplane. In Docks the fruit is covered by the calyx 
which bears three wings. In the Teasel there is a funnel- 
shaped wing formed from persistent bracts. As examples 
of plumed fruits we have the achenes with persistent 
hairy styles of Clematis and Pasque-flower, and the 
pappus-crowned cypselas of many Composites. It iS in- 
teresting to notice in what various ways these structures, 
iirhich are adaptations to wind-dispersal, are developed. 
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Dispersal bj wind involves a greater loss of seeds than 
dispersal by animals, for the latter usually frequent fertile 
localities wheiie the seeds have a chance of germinating, 
whereas wind-dispersed seeds may fall upon sterile or un- 
suitable localities, or may be carried out to sea. It is for 
this reason that winged and hairy seeds are usually absent 
from the plants of the seashore. Hence also arises the 
fact that wind-dispersed seeds are usually produced in 
relatively greater abundance than those dispersed by 
animals. 

§ 14. Dispersal by Water is uncommon and occurs 
chiefly in water-plants. In most aquatic plants the fruits 
are developed under water, and are usually achenes, nuts, 
or splitting fruits which do not float. In a few, however, 
e.g, Alder and Water Lily, the seeds are enabled to float to 
a distance by being provided with a spongy covering (aril) 
containing air. 

§ 15. Dispersal by Animals. — Seeds and fruits may be 
dispersed by animals, either by adhering to them or by 
being eaten by them. 

In the former case certain structures, of the nature 
of hooked spines, are developed by which the fruits 
become attached to the fur or wool of passing animals. 
These adhesive structures are usually outgrowths of the 
fruit and not of the seed. Examples are found in 
Goosegrass, Woodruff, Enchanter’s Nightshade, some 
UmbeliifersB. (e.gr, Sanicle, Carrot, Chervil). In Avens 
the persistent j^tyles are hooked. In Agrimony the 
hooks are developed on the receptacle of the flower. 
The flower-heads of Teasel and Burdock have hooked 
bracts so that a passing animal may catch the plant and 
drag it forward, the rebound causing the fruits to be 
jerked out ; or, in Burdock, whole burs (fruit-h^s) 
tnay thus catch on to the animal and be carried off. 
In the Bur-marigold (Bidens) ^h achene has a pappus 
of two or three stiff bristles cibvered with small down*, 
ward pointing prickles. 

Succulent fruits, e»g, drupes, berries, pomes, etc., are eaten 
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by animals. The succulent character is an adaptation to 
this mode of dispersal. The seeds are protected either by 
a resistant testa (berries) or a pericarp Strawberry, 
Wild Rose), or by the seed being enclosed in a strong 
endocarp (drupes). In many cases the seed can pass 
through the animaFs body without being injured, and if 
deposited in suitable soil may succeed in germinating. 
Very often, however, the hard part of the fruit is never 
swallowed, but allowed to fall to the ground after the soft 
part has been pecked; for the animals concerned in this 
mode of dispersal are usually birds whose gizzards may 
crush small seeds and destroy them. 

Here again it is interesting to notice from what various 
parts the succulent mass may be developed — e.g, ovary- 
wall in drupes, thalamus in pomes. Strawberry, and Wild 
Rose, perianth in Mulberry, the aril in some seeds {e.g, in 
the Spmdle-tree). 

§ 16. Explosive Fruits. — Some fruits show active 
movements by which the seeds are scattered or flung out 
suddenly. These movements often depend upon extreme 
turgidity in some part of the fruit, e.g. in Squirting 
Cucumber and Balsams, or of the seed itself. In some 
Balsams the fleshy capsules have swollen and stretched 
walls, so that a slight disturbance causes the capsule to 
burst and the seeds are thrown a few feet away. 

In some dry fruits the ejecting mechanism depends upon 
tensions set up by the drying of the fruit-wall. In the 
Pansy and Violet the capsule splits longitudinally into 
three concave valves, which by their contraction flick out 
the smooth, slippery seeds to a considerable distance. In 
the Geranium the styles, by which the carpels remain 
attached tb the carpophore (Fig. 167^ d), suddenly curl 
upwards and outwards so as to throw out the seeds. The 
ripe pods of Gorse, Broom, Lupin, etc., suddenly burst 
open, the two valves becoming twisted and the seeds 
scattered. 

The seeds of Wood Sohrel have a fleshy aril, which is 
very elastic. When the capsule opens the aril suddenly 
turns inside out and jerks the seeds away. 
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' § 17. Occasional JHaparsal.— Seeds and fruits may 
chance to be^ dispersed in other ways. Many, which are 
adapted to other modes of dispersal, float when they 
happen to fall into water, and may be carried a consider- 
able distance in this way. Many also are carried on float- 
ing timber and in the mud adhering to the feet of water 
birds. Various seeds and nuts carried away for food by 
squirrels or other animals may not be used. Here also 
we must include the dispersal of seeds and fruits by the 
agency of man. These occasional means of dispersal must 
be distinguished from the regular modes to which 'plants 
have, adapted the'mselves. 



CHAPTER XIII. 

CLASSIFICATION OF ANGIOSPERMS: NATURAL 
ORDERS. 

§ 1. The Object of Classification is to arrange plants 
in a natural sclienio, expressing as nearly as possible the 
affinities or relationships Avhich exist between them owing 
to descent or evolution from common ancestors. There are 
many difficulties in the Avay of this, and a really natural 
scheme can never bo more than an ideal to be aimed at. 
Any scheme adopted is only an expression of our views 
concerning these blood-relationships,” although, as our 
knowledge grows by furtlier research, the scheme will 
become more and more a true reflection of the affinities of 
plants. 

§ 2. Varietyv Species, Cenns, etc. — A group or as- 
semblage of plants which resemble each other so closely 
that we could easily imagine them to be derived from the 
same parents constitutes a species. The individuals of a 
species resemble each other in just those characters which 
are constantly handed down from parent to offspring. 
Thus all Raspberry plants -are included in the species 
Ruhus idseus. ' . ' 

There is always, hovlfli'veri a certain amount of variation 
among the offspring of plants. They present minute 
individual differences. In most cases, within the limits 
of a species, the variation exhibited is continuous or 
fluctuating, i.e. the varying forms are connected by a con- 
tinuous series of intermediate forms. Sometimes, however, 
it is discontinuous, i.e. we find on examining a large 
number of individuals in a species that they group them- 
selves in two or more sets, races, or varieties, which are 
BOT. 289 19 
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hardly connected, if at all, by intermediate forms. There 
are, for example, two varieties of the common Meadow 
Buttercup (JBfiinunculus acria) : in one the stem is densely 
hairy at the base, and the segments of the radical leaves 
overlap each other ; in the other variety the stem is only 
slightly hairy, and the leaf-segments do not overlap. 

Varieties differ from each other in small and variable 
characters, chiefly affecting the vegetative organs, but 
sometimes in floral or seed characters of slight importance, 
e.g, shape and colour of petals. Species differ from each 
other in more important and more constant characters of 
the vegetative or floral organs. 

Species which resemble each other more or less closely, 
while each possesses the constant characters which mark it 
off as a species, are grouped together to form a genus. 
The Easpberry and Blackberry are such species ; together 
with others they form the genus Euhua. We name a 
plant by giving its generic and specific names : Euhua 
idaeua is the Easpberry, Euhua fruticoaua the Blackberiy. 
The differences l^tween genera are more pronounced, im- 
portant, and constant than those between species. 

Similarly, according to wider or more general resem- 
blances, related genera are grouped together into Natural 
Orders, Natural Orders into Cohorts, Cohorts into Series, 
and so on to Suh-Glaases, Classes, Divisions, and finally 
Groups or Sub- Kingdoms. Many of these terms, how- 
ever, are used arbitrarily. Even the application of the 
terms Species and Genus is not definitely fixed. 

There are many species which, though variable, have no distinct 
varieties — that is,^hey show continuous but not discontinuous 
variation. A species may have many or few varieties, a genus 
many or few species, and an order many or few genera. In fact, 
some genera have only one species, i.e..a species may be so distinct 
from other plants that it is raised to the rank of a genus. Similarly, 
a single genus may be regarded as forming an order by itself. 

§ 8. Characters used in Classification. — The general 
rule is that the less any part of the plant is concerned with 
special habits the more important is it for classification. 
For instance, the vegetative organs (roots, stems, leaves) are 
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of little value in characterising the larger groups, because 
they are on the whole more liable to variation and modifi- 
cation than are the flowers and fruits, though some vegeta- 
tive characters {e.g. the alternate or opposite arrangement, 
and the veiniiig of the leaves) are less liable to modifica- 
tion than others, and can be used in classification. 

Of the floral characters the most generally useful is 
cohesion {e.g, the polypetalous or gamopetalous condition 
of the corolla, the apocarpous or syncarpous condition of 
the pistil) ; but other characters, such as adhesion, form of 
receptacle (hypogynoiis, perigynous, and epigynous condi- 
tions), symmetry, number of parts in a whorl, placentatioii, 
etc., are also used, as are also the characters of the fruit 
and seed., e.g. number of cotyledons, f orm of embryo, p resence 
or absence of endosperm. ' 

§ 4. Classification of Augiosperms. — The two main 
divisions of the Phanerogams or Flowering Plants are 
the Angiosperms and the Gymnosperms (see p. 5). 
The Angiosperms are divided into the two classes Di- 
cotyledons and Monocotyledons, the distinguishing 
characters of which have been fully dealt with. 

There are two sub-classes of Dicotyledons :—(l) the 
ddrchichlanLydeaB, or Lower Dicotyledons, in which the 
petals are either free or wanting ; (2) the Sympetalee, or 
Higher Dicotyledons, in which the corolla is gamopetalous. 
In both sub-classes the Natural Orders are arranged in a^/ 
series of Cohorts, beginning with the most primitive and 
ending with the most highly specialised. The monocoty- 
ledonous orders are arranged similarly. 

This arrangement is based on the classification of Engler 
and Prantl. In Bentham and Hooker’s classification, 
which is followed in British Floras, the Dicotyledons are 
divided into Polypetalse, Oamopetalce, and Apetalse. Many 
of the plants included in the Apetalee, however, ai*e not 
primitively apetalous (monochlamydeous or achlamydeous), 
but are reduced forms showing in other respects distinct 
affinities to polypetalous orders. The inclusion of apetalous 
and polypetalous forms in a single sub-class is undoubtedly 
a more natural arrangement. 
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In beginning the study of classification the student 
should not trouble himself with any particular general 
scheme, but should simply aim at making himself ac- 
quainted with a number of the commoner Natural Orders. 
This is best done by a careful study and comparison of 
well-known plants representative of each order. 

In this chapter only sixteen orders are considered — 
necessarily somewhat briefly. 

I. DICOTYLEDONS. Embryo with two cotyledons ; 
stem with open bundles, usually in one ring; leaf 
net- veined ; flowers with parts in twos, fours, or fives, 
rarely in threes. 

A. ARCHicHLAMYDEiK. Perianth either absent, or in 
one whorl, or, if in two whorls, the parts of the inner 
whorl (petals) free ; sometimes one whorl is missing 
owing to suppression, and occasionally the corolla is 
gamoj^etalous, 

XTatnral Orders : — Salicacese, Eanunculacese, Cruciferse, 
Caryophyllacea), Leguminosas, Eosacea), Crassulace®, 
UinbelliferaB. 

B. Sympetalj^i. Perianth in two whorls ; corolla, with 
few exceptions, gamopetalous ; stamens twice as many 
as the petals, or as many, or reduced to 4 or 2, 
epipetalous except in Ericaceae and Campanulaceae. 

XTatnral Orders ; — Labiatae, Scrophulariaceae, Campanu- 
laceae, Coinpositae. 

II. MONOCOTYLEDONS. Embryo with one cotyle- 
don; stem with closed bundles, “ scattered” in cross- 
section ; leases generally parallel- veined ;• flowers with 
parts in threes. 

ZVatnral Orders: — Liliaceae, Amaryllidaceae, Gramin- 
aceae, Orchidaceae. 

/ 

§ 5. SalicacesB. 

Distinguishiruj characters : — -flowers in catkins, dioecious ; 
perianth rudimentary or absent; stamens, 2-30; pistil 
hicarpellary, syncarpous ; ovary unilocular; ovules (x); 
fruit, a capsule. 
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This is the order of the Willows {Sctlix) and Poplars 
(Populus) ; it contains only the two genera. They are 
trees or small shrubs. Some of tlie Wilfows are very 
small. There is abundant vegetative reproduction by 
means of suckers. The leaves arc simple, alternate, and 
stipulate. The branching is sympodial ; the terminal bud 
usually dies off, and the growth of the axis is continued 
by a lateral bud. The winter bud of the Willow is pro- 
tected by a single scale, that of the Poplar by a number of 
scales. 

The habit of the different species is very varied. Some 
Willows have narrow leaves, e.g. Salix fragilis, the Crack 
Willow ; others have broad leaves, e.g. S. caprea, the Goat 
Willow, or Common Sallow. Salix hahylonica has pendu- 
lous branches ; it is the Weeping Willow ; Salix viminalis 
is the Osier. Populus alha is the White Poplar ; P. nigra, 
the Black Poplar ; P. pyramidalis, the Lombardy Poplar ; 
P. tremula, the Aspen. 

The inflorescences are unisexual catkins home on 
different plants (dioecious). The catkins make their ap- 
pearance in autumn on short dwarf shoots ; they develop 
early in the following spring, either before the leaves 
(Poplar), or when the leaves are unfolding (most Willows). 
The flowers are borne in the axils of bracts. 

Willow (Fig. 170). — The bracts are entire. The male 
flower consists of two 


(rarely three) stamens, stigmata 

with a honey-disc at the ^ BRACT ^ 

base on the side next the ^ r 3 

axis (posterior). Occa- 'yr\ 

sionally the stamens are “< Ij 

monadelphous. The fe- w 

male flower consists of a P*' r 

bicarpellary, syncarpous NECTARIF? DISC' 
pistil, with cleft stigma. Fig. 170 . — flowkus ok SAT.rx. 

A honey-disc is present. (Wtile and Female.) 

The ovary is unilocular, 

superior, with two parietal placentas, and numerous 
anatropous ovules. The fruit is a loculicidal capsule. 
The seed is exalbuminous, and bears a tuft of hairs. 
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developed from the base (hairy aril, p. 273), and serving 
for seed-dispersal. 

Poplar. — The bracts are toothed. In both male and 
female flowers there is a rudimentary cup- shaped perianth. 
By some this is considered to be, not a perianth, but a 
honey-disc. In different species the stamens vary from 
four to thirty. The characters of the pistil, fruit, and seed 
are the same as in the Willow. 

The Willow is entomophilous. As its honey-secreting 
flowers appear early, before other flowers appear, they 
attract many insects, especially bees. The flowers of the 
Poplar secrete no honey, and are anemophilous. The 
greater number of stamens, pendulous catkins, and 
branched stigmas are correlated with this. 

§ 6. Bauuuculacese. 

Distinguishing characters: — Perianth leaves free, usually 
petaloid ; flowers hypogynous ; stamens indefinite (x ) ; 
gymeceum apocarpous. 

Except Clematis, the plants belonging to this order are 
herbs with alternate or radical, and, usually, much-divided, 
exstipulate, sheathing leaves. Most species of Clematis 
are shrubs with opposite leaves, climbing by means of their 
petioles, e.g, C, vitalba, the well-known “ Traveller’s Joy ” 
or “ Old Man’s Beard.” 

The plants usually perennate by means of sympodial 
rhizomes. The primary root is lost and adventitious roots 
are developed. In many cases these adventitious roots 
become tuberouf, e.g. in Monkshood and Lesser Celandine. 

The inflorescence is in most cases cymose, e.g. Butter- 
cup. In Monkshood and Larkspur racemes are found. 
In Anemone the flowering shoot bears a terminal flower. 

The flowers are hermaphrodite, mostly actinomorphic, 
and may be cyclic or hemicyclic. In Monkshood and 
Larkspur they are zygomorphic. 

The perianth seldom shows distinct calyx and corolla. 
This does occur, however, in the largest genus Banun- 
cuius, where there are typically five sepals and five 
pOtals (Fig. 117). In many cases between the outer 
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perianth leaves and the stamens there are honey-organs 
(nectaries) of various forms. These have commonly been 
regarded as modified petals. According to this view the 
outer perianth leaves represent a petaloid calyx. The 
term calyx is also applied to a single series of perianth 
leaves, when there are no honey-organs, on tlie ground 
that in such a case the petals have disappeared altogether. 


# 



Fig. 171. — FI-ORAI. OfAtiKAMH O*’ RANlTNf:Ur.A('K,I<:. ' 
A, Ai^j[uilogui (Columbine) ; 13, Speoien of Kununeulus. 


It is convenient to adopt tliis view in describing the various 
types, although it is more probable that the honey-organs 
have been derived from the outer stamens. It should be 
noticed that nectaries in some genera are developed in 
connection with the sepals, stamens, or carpels. 

The stamens are indehnite in number ( oc), hypogynous, 
free ; anthers innate, extrorse. The gynsecenm is poly- 
carpellary, apocarpous; the number of carpels varies. 
There may be one or a number of anatropous ovules in 
each ovary ; if one, it may be erect or pendulous. 

The seed is albuminous. The fruit may be an etserio 
of achenes, or of follicles — ^rafely a berry, or (owing to 
exceptional fusion of the carpels) a capsule. 

Pollination.— The flowers are usually protandrous, but 
those of Thalictrum and Helleborus are protogynous, and 
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those of Wood Anemone and Trollius are hoinogamous. 
The Buttercup, in which the honey is only partially 
concealed, is «^visit.ed by various insects. The flowers of 
Adonis and Thalictrmn, as also those of Wood Anemone 
and Traveller’s Joy, are “ pollen-flowers ” ; but some 
species of Thalictrum are wind-pollinated, and in some 
species of Anemone and Clematis honey is secreted by 
staminodes only partially concealed. 

The flowers of Trollius and Wood Anemone are often 
self-pollinated, and in most of the other genera self- 
pollination may occur, but in Hellehorus it is precluded 
by the absolute iDrotogyny of the flower. The most highly 
specialised flowers are those of Columbine, Larkspur, and 
Monkshood. They are adapted for pollination by long- 
tongued bees (chiefly humble-bees). 

lianuncidm (Figs. 117, 171 Jt) : — This genus incliules the Butter- 
cups (Crowfoots) and Spearworts. Typical floral formula Ki5 05 
Ago (too . Each petal has a little i)ocket-shaped nectary at tlie 
base. The fruit is an ctierio of achenes. li, Jicaria, the Lesser 
Celandine, has sepals and 8 ])etals. R, arris is the Meadow 
Buttercup. In R. hulh(mi,% the Bulbous Buttercup, the stem 
is swollen at the base, and the sepals are refloxed. R. rrpeiis, the 
Creeping Buttercup, has runners which root at the nodes. R. 
scelerafiiSf the Celery-leaved Buttercup, is an annual growing in 
ditches ; there is no scale to the nectary at the base of the petal. 
The Com Buttercup, 7^. armmiSy is a troublesome cornfield w'eed 
with large achenes covered with hooked spines. 

The Water Crowfoots are very variable. They have white 
flowers. Some botanists distinguish nearly 20 British species, but 
they are probably all varieties of one species, R. aqiuililis. The 
commonest form has the lower leaves submerged and finely cut, and 
the upper ones floating, with broad lobes. The commonest mud- 
inhabiting form is jBften called Ivy-leaved Crowfoot {R, hedera- 
cetts ) ; it has ikj subiiierged leaves. 

The Spearworts are easily distinguished from the ordinary 
Buttercups or Crowfoots by their long narrow loaves. They grow 
in marshy places, if. flammvla is the Lesser Spearwort; if. 
lingua^ the Greater Spearwort. 

Clematis : — ^actinomorphic ; 4 i)etaloid sepals ; petals 0 ; fruit an 
otierio of achenes with persistent hairy styles. G, vitalba (Tra- 
veller’s Joy) grows in hedges, chiefly on chalky soil. 

AnvemomxA : — actinomorphic ; 5-9 petaloid sepals ; petals 0 ; fruit 
an etierio of achenes. In the Wood Anemone (A, nemorosa) there 
are 3 leaves (bracts) just under the terminal flower, forming an 
involucre. [In the cultivated A, Hepatica, which has blue flowers. 
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the involucre consists of undivided leaves and looks like a cal3^x.] 
In A. pulmtUla^ the Fasque Flower, found in chalky districts, 
the flowers are purple and tubular, with hone^'^ed stg<minodes within 
the sepals ; styles long and hairy as in Clematis. 

Thaiicirum (Meadow Rue) : -actinoniorphic ; 4 or 5 more or less 
petaloid sepals which fall off early ; petals 0 ; the stamens form the 
attractive part of the flower ; fruit an etauio of achenes. I’here are 
three British species. 

Adonia (Fheasanfs Eye) : — actinomorphic ; yellow sepals ; 
5-8 large petals which have no nectary ; fruit an eherio of achenes ; 
in cornfields, not common. 

TroUnis (Globe Flower) : — actinomorphic ; 5-15 petaloid sepals ; 
5-15 small petals, with nectary pit at the base ; fruit an etierio of 
follicles. It occurs in mounttiin pastures. 

CaUha (Marsh Marigold or King Cup) :- actinomorphic ; 
usually 5 petaloid sepals ; petals 0 ; fruit an etasrio of follicles. 
Honey is secreted at the bases of the carpels. Aburidant in marshy 
places. 

Pivonia (F»ony) : — actinomorphic ; 5 sepals ; 5 or more large 
petals without nectaries ; fruit an etjerio of 2-5 follicles ; honey 
secreted by a disc round the carpels. Onl^^ in one place in Britain 
and not indigenous. 

Ilelleborns (Hellebore, Christmas Rose) ; — actinomorphic ; 5 or 
more greenisli or petaloid sepals ; numerous slipper-shaped nectaries 
(“ petals ”) ; fruit an ctierio of follicles (3 follicles in wild Helle- 
bores). There are two British species. 

Aqnilcffia (Columbine, Fig. 171 a) ; — actinomorphic ; 5 pcttiloid 
sepals ; 5 petaloid spuri’cd petals, secreting ntjctar and hooked at 
the end ; 5 carpels ; fruit an etau-io of follicles. One British 
species. 

Acouilum (Monkshood, Fig. 121) zygomorphic ; 5 i)etaloid 
sepals, the posterior one large and galeate ; 2 petols represented 
by nectariferous organs enclosed in the hood of the cal^^x ; carpels 
2-5 ; fruit an etteihj of hdlicles. One British species. 

Ddpliininm (Larkspur) : — z^’^gomori^hic ; 5 petaloid sepals, the 
posterior one siuirrcd ; 2 spurred petals projecting into the spurred 
sepal and secreting honey ; carpels 1-5 ; fruit an etjerio of follicles 
(sometimes a single follicle). One British species found in Cam- 
bridgeshire. 

In Actixay the Banebcrry, occurring locally in the N. of England, 
there is one carpel forming a berry with several seeds. [In Niyella 
(Love-in-a-mist) the fruit is a capsule ; it is not a native British 
plant.] 

§ 7. CaryopHyllacead. 

Distinguishing characters: — Flowers regular^ generally 
polypetalous and hypogynous ; stamens usually twice as 
many as the petals, hvk sometimes fewer; pistil of 2-5 
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carpels, syncarpous ; ovary unilocular ; free central placen- 
tation ; fruit a capsule ; the swollen nodes, opposite leaves, 
and cymose inflorescence are characteristic. 

The plants belonging to this order are mostly herbs with 
swollen nodes and opposite, simple, entire, and usually 
exstipulate leaves, e.g. Pink, Sweet William, Chickweed, 
and various species of Campion. The inflorescence is 
cymose, typically a dichasium (Fig. 152). The flowers 
are regular, usually hermaphrodite and pentamerous, ex- 
ceptionally unisexual or tetramerous. 

Calyx polysepalous or gamosepalous, of 5 (or 4) sepals. 
Corolla polypetalous, of 5 (or 4) petals ; occasionally the 
petals are wanting. Androecinm of 10 (or 8) free 
stamens (in some species reduced to 6, 4, or 3), hypo- 
gynous (or, occasionally, perigynous), obdiplostemonous. 
Gymecenm of 2-5 carpels, syncarpous, with free styles 
(Fig. 132, c) ; ovary unilocular, superior; ovules usually 
numerous, amphitropous or campylotropous, with free 
central placentation (see p. 241). Seed albuminous; 
embryo curved round the endosperm. Fmit usually a 
unilocular capsule dehiscing by teeth separating at the 
apex ; seeds scattered by the censer meclianism (p. 285). 

Ill the Caryophyllaceae there are two very distinct types 
of flower-structure, and corresponding to this the order is 
subdivided into two groups or tribes : — 

I. The AlsinoidesB, the lower type, in which the sepals 
are free or only slightly united at the base, and the petals 
are short. The flowers are shallow and wide open there- 
fore, and the honey, which is secreted by glands at the 
bases of the starmens, is accessible to a variety of short- 
tongued insects (flies, etc.). The flowers are usually 
protandrous, but some are homogamous and self-polli- 
nated. In this group the leaves are sometimes stipu- 
late, the flowers may be more or less perigynous, and 
there is frequently reduction in the number of petals or 
stamens. 

II. The SileuoidesB, in which the calyx is gamosepalous 
and tubular, and the petals are long and clawed (Fig. 123 a). 
The flowers therefore are closed up, and the honey, which 
is- secreted by the receptacle between the calyx and corolla, 
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can be reached only by long-tongued insects (bees, butter- 
flies, and moths). Small insects are further excluded in 
some species by the presence of ligules on the petals. The 
flowers are usually distinctly protandrous. 

I. AlsinoideeB, — The most important germs is Stdlaria, The 
Greater Stitchwort [8. holokea) and the Lesser Stitchwort 

{8. graminea) are perennial species ; K5 C5 A5+5 G(3). Tlie 
Common Chickweed {8, media) is an annual flowering all the 
year round ; stamens generally 3-5 ; honiogamous and often self- 
pollinated ; in winter the flowers are often cleistogamic, sometimes 
apetalous. The flowers of Steilaria are more or less perigynous. 
Other oonimon plants are : — 8pergula arvenaiSf the Corn Spurrey, 
K5 05 A5 or 10 G(^ ; Spergnlama ruhra, the Sand Spurrey, 
K5 05 A5 or 10 G^ ; Arenaria trinervitty the Three-nerved 
Sandwort, in which the flowers are protogynous, K5 05 AlO G(3) ; 
Arenaria peploidesy the Sea Purslane, in which the flowers are 
polygamous ; Sagina procumhenH, Procumbent Pearlwort, 
flowers homogamous and self-pollinated, parts usually in 4’s, petals 
very small ; Ceraetium ti'iviale, Mouse-ear Chickweed, a very 
variable plant, with flowers like those of Ohickweed, the parts in 
one variety, however, being in 4’s. 

II. Silenoideae.— Floral formula K(5) 05 A5+5 G(^5). In 
the genus Lychnis there are 5 carpels. L, diumay the Red 
Campion, and L. vespertina, the White Campion, are dicecious ; 
the former is pollinated by bt^es, tlie latter, at night, by moths. 
L, Jlos-cucnli is Ragged Robin ; L. Qithago, the Corn Cockle. 

The genus Silene is distinguished from Lychnis by its three styles. 
8, inflatay Bladder Campion, is polygamous ; it is largely visited 
by butterflies and moths. 8, maritima. Sea Campion, is very 
similar, but has fleshy leaves, and diflers in certain other respects. 
8. nutans and other night-flowering species of “Oatch-fly” are 
pollinated by moths. 

The genus Dianthus (Pink), the native species of which are not 
very common, is represented by our cultivated Pinks, Oarnations, 
Picotees, and Sweet William. There are two carpels. The flowers 
are adapted for pollination by butterflies. 

§ 8. Cruciferte. 

BiBtingnishing characters : — Flowers polypetalousy hypo- 
gynous; pq,rts in twos or fours; cruciform corolla; tetra- 
dynamous stamens ; placentation and structure of ovary and 
fruit. 

The plants belonging to this order are herbaceous, 
occasionally shrubby. The leaves are alternate and 
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exstipiilate. Familiar examples are Wallflower {Cheiran- 
thus) and Shepherd’s Purse {Oajisella). 

The infloreGcence is usually a raceme or corymb ; there 
are no bracts. The flower as a whole (Figs. 128, 141) is 
usually isobilateral, occasionally zygomorphic. The poly- 
sepalous calyx consists of four sepals in two whorls. The 
lateral sepals are more or less saccate or pouched at the 
base. The corolla is polypetalous and cruciform. The 
petals are usually clawed. 

The androBcium consists of six hypogynous stamens 
in two whorls, and is usually tetradynamous ; the two 
short lateral stamens fomi the outer whorl; the four 
inner stamens are supposed to have been produced by 
chorisis (p. 245). The nectaries are small green glands, 
situated on the thalamus at the bases of the short sta- 
mens; the honey gathers in the pouches of the lateral 
sepals. 

The gynsBceum is bicarpellary and syncarpous; the 
ovai’y is superior, and bilocular, owing to the develop- 
ment of a false septum between the two parietal placentas 
(p. 241) ; the ovules usually numerous, amphitropous, 
or campylotropous. The fruit (Fig. 164) is a siliqua 
or silicula, rarely a lomentaceous siliqua (Eadish). The 
seed is exalbuminous ; the testa is frequently mucila- 
ginous (Mustard, and Garden Cress), and thus serves to 
fix the seed to the soil favourably for germination. The 
embryo is always folded (Fig. 164, c). 

Typical formula : — K2 -f 2 C4 A2 + 2® G(^. 

Pollination. — The flowers are mostly homogamous, or 
only slightly protondrous, and self-pollination often occurs. 
Small flowers with spreading sepals are visited by short- 
tongued insects (flies, etc.), and some of them {e.g. Shep- 
herd’s Purse, whose flowers often have only 2-4 stamens 
when produced in the colder months) are regularly self- 
pollinated. The larger flowers, in which the sepals are 
erect and hold the clawed petals together so as to form a 
sort of flower-tube, are visited by bees and butterflies, the 
honey being partially concealed and protected from rain. 
The large light-coloured evening-scented flowers of Hesperis 
and some Stocks are visited by moths. 
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The arrangement in corymbs should be noticed (p. 249). 
Frequently the outer petals of the outer flowers of the 
corymb are larger than the inner ones so that the corollas 
are zygomorphic. 

A. Fruit a ailiqua. 

Nasturtium (Watercress), 4 British species. Cardamine praten- 
aia (Cuckoo-flower or Lady’s Smock), grows in moist places ; G. 
hiratUa (the Hairy Bitter-cress), on banks, walls, etc. Arabia is 
the Bockcress. Sisymbrium alliaria (Garlic Mustard) and S. 
officiimle (Hedge Mustard) are common in waste places. Matthiola 
(Stock), Cheiranthua (Wallflower), and Hesperia (Dame’s 
Violet) are represented by native species, and are commonly culti- 
vated. Braaaica oleracea is the Wild Cabbage; from it, by 
cultivation, have arisen the various kinds of Cabbage (green and 
red cabbages, brussels-sprouts, cauliflower, broccoli, kohl-rabi). 
Similarly from Braaaica campeatria, the Wild Turnip, have arisen 
the cultivated turnips and swedes. Braaaica aitutjna is Charlock ; 
B, edba. White Mustard ; B, nigral Black Mustard. 

B. Fruit a ailicula» 

In the following the fruit is flattened at right angles to the 
septum : — Capaella buraa-paatoria (Shepherd’s Purse), the com- 
monest Crucifer, is an annual flowering all the year round, Lepi- 
dium includes the Common Cress of our gardens and the Pepper- 
wort ; in some species the petals may be wanting and the stamens 
reduced to 4 or 2. Iberia is the Candytuft ; Thlaapi, the Fenny- 
cress. 

In the following the fruit is flattened parallel to the septum ; — 
Draba verm (Vernal Whitlow Grass) is a small early spring 
annual, with leaves in a rosette, growing on walls or stony ground. 
Alyaatim, Aubreiia, and Lunaria (Honesty) are often cultivated. 
Cochlearia armoracia (Horse Radish) and (7. officinalis (Scurvy 
Grass) are found near the sea. 

C. Fruit lomentaceoua. 

Raphanua raphaniatrum (Wild Radish, or ** White Charlock”), 
Crambe rmritima (Seakale), and GakUe maritima (Sea Rocket). 
In the last two the fruit is two- join ted, but only one seed comes to 
maturity. 

§ 9. Legnminosae (sub-order Fapilionaceae). 

Distinguishing characters: — Flowers polypetalous, peri- 
gynous, papilionaceous ; stamens 10, mon- or di-adelphous ; 
gynsecevm monocarpellary ; fruit a legume {or lomerdum). 

The sub-order is a very large and important one, in- 
cluding herbs, shrubs, and trees of various form and 
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adaptation in which the leaves are alternate, stipulate, and 
nearly always compound. The French Bean and Scarlet 
Bunner are examples of twining plants ; the Pea, of a plant 
climbing by means of leaf-tendrils. Bohinia (the False 
Acacia) has spiny stipules. Most species have tubercles 
on their roots connected with the absorption of nitrogen 
(see p. 199), and in many the leaves describe sleep-move- 
ments. Familiar examples are Broom (Cytisus scoj^arius), 
Q-orse (Ulex), Oenistaf Laburnum (Cytisus Laburnum)] 
Wistaria f Lupin (Lujnnus), the Clovers (Tri/olium), the 
Vetches (Vida), the Peas and Beans, etc. 



Fig. 172.— Vertical SEfrriosr or Flower of Pea. 

The infloresc^ce is always racemose— either racemes, 
in which sometimes, owing to the abortion of the grow- 
ing point, only two or three flowers are developed, e,g. 
Sweet Pea (Fig. 88, b), or stout spikes. The flowers 
(Figs. 144, 172) are hermaphrodite, zygomorphic, papilio- 
naceous, and perigynous. The perigynous condition is not 
strongly marKed. 

The calyx is ganiosepalous, five-toothed, sometimes bi- 
labiate, inferior. The odd sepal is anterior (Fig. 144). 
The corolla is polypetalous, papilionaceous (Fig. 123, b)> 
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The androBcinm consists of ten stamens, perigynous, either 
monadelphous, as in the Broom, or diadelphous, as in the 
Sweet Pea ; in the latter case the posterior stamen is free. 
The pistil is monocarpellary (Fig. 131) ; the ovary, unilo- 
cular, superior ; the ovules, indefinite (oo ), anatropous, 
or campylotropous ; marginal placentation. The style is 
elongated, and the stigma terminal. The frnit is usually 
a legume, occasionally a lomentum. The seed is large and 
exalburainous. 

Floral formula K(5) C5 A(5 + 6) Gl 

or K(5) C5 A(5 + 4) + 1 Gl. 

Pollination. — Most of the flowers are adapted for 
cross-pollination by bees ; but some of the larger flowers 
may be visited by butterflies and moths, and the smaller 
flowers by shorter-tongued insects. Honey, when present, 
is secreted inside the base of the stamen-tube ; in this case 
the posterior stamen is free (diadelphous condition). In 
flowers with monadelphous stamens there is no honey. 

The lateral petals are jointed to the keel so that when 
the insect alights on the lateral petals the keel also is 
depressed, and the style and stamens may protrude or 
escape from the keel. The mechanism differs in different 
cases. In the Clover and Laburnum the stamens and 
stigma simply protrude and return inside the keel when 
the insect flies away. In Vetches and Peas the style has 
a tuft of hairs serving as a piston to brush out the pollen 
which has collected in the keel. In Bird’s-foot Trefoil the 
keel petals are joined above as well as below leaving only a 
small opening at the tip, and the pollen is brushed out by 
the five long stamens which are thickened below, the anthers. 
In the Gorse and Broom the flower explodes ; the stamens 
and style are tightly held in the keel under tension and 
spring out violently when the keel is depressed. 

Self-pollination may occur in all annual and some 
perennial species. Becent observations tend to show that 
many perennial species are self -sterile (p. 259). 

Mimosese and Gsesalpiniese : — ^AU the British Legu- 
minossB belong to the sub-order Papilionacess. The other 
two sub-orders, Mimosese and Csesalpiniese are chiefly 
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tropical. In the Mimosese the flowers are regular, petals 
small, parts in fours or fives, and stamens free and often 
numerous. This sub-order includes the Acacias (see p. 147) 
and Mimosas \ e.g. Mimosa ptidica, the Sensitive Plant) . In 
the Csesalpinieae the flowers as in Papilionacese are zygo- 
morphic, but the Aestivation of the corolla is different. 
The parts are typically in fives, the stamens (typically 10) 
being free, but the number of parts often varies. The 
Judas Tree (Cercis) and Gleditschia are cultivated in 
Britain. The monocarpellary pistil is the distinctive 
character common to the three sub-orders. 

The British Pcapilionaceie may be divided into five tribes ; — 

• Qenisteee. — Leaf simple, or of 2 or t3 leaflets witli entire margin, 
no*' tendrils ; monadelphous stamens. 

Ulex europmua is t\iG Qorse, Whin, or Furse ; Henisla anylica, 
the Petty Whin ; Cyiiatis acopariua, the Broom. 

II. Trifoliese. — Leaf trifoliate ; margin of leaflets serrate ; no 
tendrils. 

Ononis (Rest-harrow) has monadelphous stamens, branches often 
spiny, and flowers single or in short racemes. Trifolium (Clover) 
and iff (Medick) have diadelphous stamens and flowers in 
globular or cylindrical heads or racemes. Mtdicago is distinguished 
from Trifolium in having a deciduous corolla, and spirally coiled 
pod ; in these genera the pod is often few-seeded and indohiscent. 

III. Lotess. — Leaves imparipinnate ; no tendrils. 

Lotus comiculatiut (Bird’s-foot Trefoil) has five leaflets, the two 
lowest appearing like stipules. In Anthyllis vulneraria (Lady's 
Fingers) the pod is divided by a longitudinal partition. A strayalus 
glycyphyllos is the Milk Vetch. 

IV. KedysaresB. — Leaves imparipinnate; no tendrils; fruits 
lomentaceous, of one or more indehiscent one-seeded joints. (The 
French Honeysuckle belongs to the genus lledysarum, see p. 279. ) 

Bird’s-foot {OrMthopu^ has a many- jointed pod ; Blorseshoe 
Vetch {Hippocrepis), a pod of several curved joints ; and Sainfoin 
{Onohrychis), a hard one-seeded pod. 

V. Viciese. — Pinnate leaves, ending in a tendril or point. 

The genus Lathyrm (Peas and Vetchlings) is distinguished 
from Vida (Vetches) by having few leaflets, Vida usually having 
at least 6 pairs. Lathyrus pratensis is the Meadow Pea ; L, maxro- 
rhizusy the Tuberous Pea ; L. aphxica, the Yellow Votchling, with 
all the leaflets developed as tendrils ; L, nissolia, the Grass vetch, 
without leaflets, the petioles being developed as phyllodes. Vida 
sativa is the Common Vetch or Tare ; V, craccay the Tufted Vetch ; 
V. sepiuniy the Bush Vetch. 
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§ 10. Rosacead. 

Distinguishing characters : — Flowers polyjpeialous, perU 
gynous, regular ; stamens in whorls, usually nuhierous; pistil 
apocarpous. 

This is a large order of herbs, shrubs, and trees. The 
leaves are alternate, simple, or compound, and usually 
stipulate. Vegetative reproduction by means of runners 
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RECEPTACLE 


Fig. 173.— Vkutical SKcrrioM op Flowkr'op Blac'kbkbry. 


and suckers is of common occurrence. The order is dis- 
tinguished from EanunculacesB by the shape of the recep- 
tacle, and the whorled arrangement of the floral leaves. 
Familiar examples are the Wild Eose, Strawberry, Easp- 
berry, Apple, Cherry, Eowan, and Hawthorn. 

The inflorescence is very various, and includes both 
racemose and cymose forms. The flowers (Figs. 173, 174, 
175) are regular, pentamerous (or tetramerous), usually 
hermaphrodite, perigynous (occasionally epigynous, owing 
to fusion of the carpels with the calyx tube). 

The calyx is. gamosepalous, of five (or, occasionally, 
four) sepals. An epicalyx is sometimes present, e.g. Straw- 
berry. The corolla is polypetalous and rosaceous, with 
usually five petals, imbricate in the bud ; the petals are 
occasionally wanting, e.g. in Lady's Mantle. Stamens 
two, three, or four times as many as the petals, or oo . 

BOT. 20 
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Gyneecenm of 1 to oo carpels, apocarpous. There are 
usually 1 to 2 anatropous ovules in each carpel. Fruit 
various — a (lru2)e, a pome, eta3rios of drupes, achenes, or 
follicles. Tlie seed is exalbuminous. 



Fig. 174.--VKKTICAL Section of Fi.oweh of Doa Rose. 


The order gives a good illustration of the various forms 
of perigyny (see Fig. 119, b-e). The great variety of fruits 
is due to various causes — persistence or non-persistence of 
the receptacle (calyx-tube), dryness or fleshiness of peri- 
carp or receptacle, number and form of ripe carpels, etc. 

PolliuatioiiT — Except in Salad Burnet {Poterium sangui- 
sorha), which Is wind-pollinated, the flowers are entomo- 
philous, and mostly visited by all sorts of insects. Dog 
Eose, Agrimony, Meadowsweet, and Dropwort are honeyless 
pollen-flowers ; but in most cases honey is produced by the 
whole inner surface of the receptacle, or there is a ring-like 
nectary round the receptacle^ mouth within the insertion of 
the stamens. 

The flowers are often more or less protogynous (Apple, 
Hawthorn, Eowan, Sloe, Avens, Bird Cherry, etc.), some- 
times homogamous (Common Cherry, Gean, Dropwort, etc.), 
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or protandrous (Roses, Poteutillas, Meadowsweet, etc.). 
Self-pollination is apparently possible in all cases. 

The following sub-orders are represented in Britain - 

I. PrunesB. — Deciduous cup-shaped receptacle ; one carpel (with 
2 ovules) ; fruit a drupe. (Cf. Fig. 119, D.) 

Prunua communis is the Sloe or Blackthorn ; P. avium, the Gean 
or Wild Cherry ; P. cerasm, the Dwarf Cherry ; P. juidus, the 
Bird Cherry. I’he Cherry Laurel {P, lauroccrams) and Portugal 
Laurel {P. Insitanica) arc well-known cultivated shrubs. The Peach 
(P. Persica), with its variety the Nectarine, the Apricot {P. Arme- 
niaca), the Almond {P. Amyndalm), the Plum (P. domestica) are 
cultivated for their fruits. 

II. SpirsBesB. — Receptacle almost flat ; calyx persistent ; no 
epicalyx ; carpels 2-12 ; fruits dry. 

Many species of Spmm are cultivated ; the fruit usually consists 
of 5 follicles, more or less united Jit the base. Typical formula : — 
K(5) C5 A5 + 5 (x5. The Meadowsweet {Ulmaria palmtris) and 
the Drop wort {IJlmaria filipendida) are wrongly given in Floras as 
species of Spirma ; their fruit is an etwrio of achenes. 

III. itubesB. — Receptacle flat, with conical protuberance in the 
middle ; persistent calyx ; no epicalyx ; fruit an ctierio of drupes. 
(Fig. 173. Cf. Fig. 119, n.) 

Huhus ideeus is the Raspberry ; i?. fruticosus, the Blackberry 
or Bramble ; R. saxatilis, the Stone Bramble ; R, chamaemoriis, the 
Cloudberry (ditecioiis). 

IV. PoteutillesB. — Receptacle convex in the middle ; calyx per- 
sistent ; epicalyx present ; fruit an etierio of achenes on a dry or 
fleshy receptacle. 

In the genera (reum, Dryas, and Potmtilla, tlie receptacle is dry ; 
in Frayaria it becomes large and succulent. Geum urhanum is 
Wood Avens or Herb Bennet ; G. rivale, Water Avens. Dryas 
octopetala is a small tufted alpine 2 >lant in which the sepals and 
petals are usually eight in number. The commonest species of 
Potentilla are Creeping^ Cinquefoil {P. reptans), with long crec 2 )ing 
stems, growing chiefly in hedges ; Silverweed {P, anseriiixi), which 
has runners, and leaves consisting of alternating pairs of large and 
small leaflets, white and downy on the under surface ; the Tor- 
mentil ( P. tormentilla), common on heaths, usually with 4 2 )etals ; 
the “Barren Strawberry” {P, fragariastrim), to be carefully 
distinguished from the Wild Strawberry [Fragai'ia vesca), in 
which the receptacle becomes fleshy. 

V. FoteriesB.— Receptacle hollow and dry, enclosing the fruit 
which consists of 2 or 3 achenes. 

In Common Agfrimony (Agrimmiia Eupatai'ia) the flowers arc 
in long spikes. Floral formula : — K(5) 05 A5 — 15 G2. The recep- 
tacle develops hooked spines. In the genera A Ichemilla and Poterium 
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the petals are wanting and the sepals are four in number. Lady’s 
lEantle {Alchemilla miJgaris) has an cpicalyx, 4 stamens, and 
2 carpels. J^arsley Piert (^1. amnsis) has only 1 or 2 stamens. 
A, aZ/v/wa is an alpine species. Salad Burnet {Poferium mngui- 
sm'ba)y common on chalk-downs, has small flowers in mop-like 
clusters containing female flowers above 
and male flowers below ; the female flowers 
have one carpel with feathery stigmas ; the 
male flowers, 20-30 stamens in correlation 
with wind-pollination. Great Burnet {I\ 
officinale), in moist pastures, has herma- 
phrodite flowers, and usually 4 stamens. 

VI. Roseee. — Fruit of many achenes en- 
closed in a deep, hollow, fleshy receptacle 
(Figs. 174, 175. Cp. Fig. 119, K). Bosa 
canina is the Dogf Rose ; B, rvhiginosa, 
the Sweet Briar. K(5) C5 Aoc G^. 

VII. Fomea. — ^IVuit a pome owing to 
the carpels (1-5) becoming adherent to the 
hollow fleshy receptacle. (Of. Fig. 119, F.) 

The Pear {Pyt^a communis) and Apple {Pyrus Malus) have five 
carpels, each with two seeds. Pyrus aucuparia is the Rowan or 
Mountain Ash ; P, torminalis, the Wild Service ; P. aria, the 
White Beam. In the Hawthorn {Cratcegus oxyacantha), Medlar 
{Mespilus), and Gotoneaster the carpels become stony so that the pome 
resembles a drupe. In the Quince {Cydonia mdgaHs), which is not 
found wild, there arc five carpels each with a number of seeds. 

§ 11. Crassulaceae. 

Distinguishing characters: — Flowers typically polypeta- 
lous, perigynous or suhhypogynous, hermaphrodite, actino- 
morphic; tisually pentamerous (or tetramerous), hut the 
number of parts varies within wide limits (3-20) ; stamens 
usually twice asjifliany as the petals; pistil aptocarpous; fruit 
an etssrio of follicles. An order of succulent xerophytes. 

Common plants belonging to this order are the various 
species of Stonecrop (Sedum), the House-leek (Semper- 
vivum tectorvm), and the Pennywort (Cotyledon Umbilicus), 
Most of them are xerophytes growing on rocks, walls, 
house-tops, or sometimes on sandy places near the sea, and 
have crowded fleshy leaves with waxy epidermis. Some 
are annuals or biennials, but the majority perennate by 
means of rhizomes. Propagation by offshoots is common 
(Pig. 49, p. 84). 



Fig. 175. — Fi.<.)RAl Dia- 
gram OF Rosk. 
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The inflorescences are cymose (scorpioid), and the 
bracts are sometimes adherent to the axillary axes. The 
flowers (Fig. 176) are regular, actinomorphic, hermaphro- 
dite, sub%pogynous or perigynous. Sedum Bhodiola, the 
Eose-root, is di- 
oecious. The peri- 
gynous condition 
is not strongly 
marked. Calyx 
poly- or gamo- 
sepalous, usually 
of five (or four) 
sepals, but occa- 
sionally of less or 
more, persistent, 
inferior. Corolla 
regular, polypeta- 
lous (exceptional- 
ly gamopetalous, as in Cotyledon Umbilicus, the Pennywort, 
Fig. 176, b); petals as many as the sepals, imbricate in 
eestivation. Stamens usually in two whorls and twice as 
many as the petals. Gynaeceum polycarpellary, apocar- 
pous; carpels as many as the petals, sometimes slightly 
coherent at the base ; ovules oc , anatropous, with marginal 
placentation. Fruit an etserio of follicles. Seed albu- 
minous, but the endosperm small in amount. 

Floral formula : — Kii Cn An + n GTn, where n is most 
frequently 5. 

In the House-leek the parts are usually numerous, and 
frequently the stamens are transformed into carpellary 
structures bearing rudimentary ovules. 

In the majority of Crassulacese small nectariferous scales 
occur just outside the bases of the carpels. The flowers 
are usually protandrous, and as the honey is easily reached 
they are visited by many kinds of insects. 

The commonest British species of Sedum are the Wallpepper 
{S, acre), the English Sednm {8, amjlicum), the Eose-root 
(iS. Rhodwla), an alpine species which grows in rock-clefts on 
mountains, and the Orpine or Livelong (8, Telephium), which is 
not really native. 



Fig. A, Fi/)wkii of Spboiks of Sedum; B, 
FiiOWEii OF Coftflcdon UtnhifiaiH. 
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§ 12. Umbelliferas. 

Bwtinguishhig characters: — Flowers polypetalous^ ^P^gV’ 
nous, pentam^rous; 5 stamens; structure of ovary and 
fruit. 

This is a very large and important order, easily recog- 
nised by the general habit of the plants and their fruits. 
The plants are either herbs or shrubs with hollow (fistular) 
stems and alternate, amplexicaul, exstipulate leaves, which 
ai*e usually much divided. 

The inflorescence is usually a compound umbel 
(Fig. 153), occasionally a simple umbel. These umbels 
are sometimes cymose in character, and a terminal flower 
may occur as in the Wild Carrot (Daucus Carota). The 
flowers (Fig. 135) are usually hermaphrodite and regular; 
but unisexual flowers sometimes are found, and frequently 
the outer flowers of the umbel are irregular and zygo- 
morphic. 

The calyx is small, consisting of five minute sepals, or 
absent. The corolla is polypetalous ; the.five petals are 
usually white or yellow, and often have reflexed tips. 
The stamens are five in number and epigynous. The 
gynsecenm (Fig. 135) is bicarpellary, syncarpous ; on top 
of the ovary is a honey disc surrounding the two stigmas ; 
the ovary is bilocular with one suspended ovule in each 
loculus. The fruit is a cremocarp (Fig. 168). Each 
mericarp is usually marked by five longitudinal ridges 
(costw) containing vascular bundles ; between the ridges 
are furrows (valleculie) under which there are oil-ducts 
ivittse). Secondary ridges and vittse are frequently present 
between the prijpary ones. The seed is albuminous ; the 
food-matei’ial consists of proteids and oils. 

Pollination. — The flowers are markedly protandrous, 
and, the honey secreted by the epigynous honey-disc being 
easily accessible, are visited by many short-tongued insects, 
especially flies and beetles. 

Floral formula : — K5 or 0 05 A5 0(^). 

The order itself is easily recognised ; but, in order to distinguish 
with accuracy the numerous genera, careful examination of the ripe 
fruits is often necessary. The following are some of the more 
important British species ; — 
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Marsh Pennywort {Hydrocolyla milyaris) in marshes, etc. ; 
creeping stem, rooting at tlie nodes ; simple^ peltate leaves ; small 
simple umbels. In Wood Sanicle (Sanicula europtm) the fruit is 
covered with hooks. Aatrantia has coloured bracjs, and, usually, 
unisexual flowers. Sea Holly {Erynymm marilimum)^ a sea-side 
plant, has still spiny leaves, and flowers in compact cymose heads. 
Apium fjmoeolens, the Wild Celery, gro.v's in marshy places. 
Garum Petroaelinnm is Parsley; Carnm Carvi, the Caraway. 
Kare’s-ear {nuplfmmm rotundifolium) grows on chalky soil in the 
eastern and southern parts of Enghand ; it has simple perfoliate 
leaves. (Enantha fMidoaa^ the Water Dropwort, is a marsh- 
plant. 

The Samphire {Crithmum maritimum) is a succulent xero- 
phyte, growing on rocks near the sea. Fool’s Parsley (^thusa 
Cynapinm), Cow Parsnip or Hogweed (fferaclmm Sphondy- 
Sweet Cicely {Myrrhis odorata), Earthnnt {Conopodiuni 
dmwlatiLm), Chervil {Authriaciis aylvtstria). Hedge Parsley 
(Gmicalis Ant.hriacus)^ and Hemlock {Goninm macukitum) are 
other common plants belonging to the order. 

§ 13. Labiatfe. 

Distingidshing characters: — Floivers gamopetalOuSt hy^ 
pogynousy zygomorpMc ; stamens didynamous and ejpi- 
^etalons ; fruit a carceruhis. The square stems, opposite 
decussate leaves, inflorescence, and hilahiate ringeyit corolla 
are characteristic. 

This is an important order, consisting of lierbs or nnder- 
shrubs with square stems and opposite decussate, simple, 
exstipulate leaves. Most of them arc land-plants ; a few 
are marsh-plants. Suckers are found in many forms 
(Fig. 50). In most of them there are numerous epidermal 
glands (glandular hairs) secreting volatile oil. Well- 
known examples are the Dead-nettles (Lamium), Thyme 
(T%m%s), Lavender {Lavandula), Min^ (Mentha), Q-round 
Ivy {Nepeta), 

The characteristic inflorescence is the verticillaster 
(Fig. 154, p. 254). The flowers (Figs. 177, 178) are 
liermaphrodite, zygomorphic, and pentamerous, with sup- 
pi'ession of certain parts. The calyx is gamosepalous, 
tubular, funnel-shaped, or bilabiate, persistent. The 
corolla is zygomorphic, bilabiate ringent; sometimes, as 
in Mint, it is almost regular. The stamens, owing to 
the suppression of a fifth (the posterior one), are four in 
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number, epipetalous and didynamous; occasionally there 
are only two stamens. 

The gynaecenm is bicarpellary and syncarpous. Early 
in its development a median constriction appears in the 
ovary and produces two false septa. The style is gynohasic, 



Fig. 177. — Vkutical Skction of Floweu of White Dead-nettlk. 


four parts of th^ ovary ; this is not the case, however, in 
the Bugle (Ajuga) and Wood Sage {Teucrium). There is 
a bifid stigma. The ovary is quadrilocular (two true and 
two false septa) with one erect anatropous ovule in each 
loculus. The placentation is axile. The &nit is a carcerulus 
(p. 280). The seed is exalbuminous. 

In some species, e.g. Thyme, Ground Ivy, and Self-heal, 
female flowers occur, usually on different plants from 
those with the ordinary herm^hrodite flowers. This is 
known as gynodioBoism. It promotes cross-pollination. 
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Pollination. — There is a honey disc at the base of the 
ovary, best developed on the anterior side (Fig. 177). 
Usually the flowers are protandrous. many cases, 
after the anthers have opened, the 
stamens move outwards or downwards, 
and the style moves into their place. 

When the flowers are homoganious, 
as in the Dead-nettle, the style pro- 
jects below the anthers so as to be 
touched first by the visiting insect. 

Self-pollination, however, may take 
place. 

In the short-tubed flowers of Mint, _ 

Thyme, Gipsy wort, and Marjoram, ok 

with more or less regular corolla and 
spreading stamens, all sorts of insects crawl over the 
flowers and touch the anthers and stigmas with any part of 
their bodies. Most British Labiates, however, are definitely 
“ bee-flowers ” and have a conspicuous lower corolla-lip to 
attract insects and to act as a landing place, and usually 
an arched upper lip to shelter the stamens and style, 
which are generally placed so as to touch the bee’s back 
as it enters the flower. Small insects may be excluded, as 
in the White Dead-nettle, by the narrowing of the lower 
part of the corolla-tube and the development of a ring of 
hairs. The mechanism in Salvia is described on p. 264. 

Wild Sage (Salvia verbenaca) is fairly common in waste places. 
The commonest species of Mentha is Water Mint (M. aquatica)^ 
growing in wet places by the side of streams ; it has flowers in 
dense clusters, with nearly regular corolla. Other species are 
Peppermint (M, piperita) and Com Mint (M, arvensis). Oipsy- 
wort (Lycopua Europoiits) also grows in marshy places ; it re- 
sembles Mentha, but has only two stamens. Thymm serpyllum 
is the Wild Thyme, common on heaths and hills. Marjoram 
(Origanum mdgare) is found in dry fields and copses, especially on 
limestone. There are three British species of Calamintha, occurring 
in dry, rocky places, none very common ; C. Clinopodium is the 
Hedge Calamint. 

The Ground Xvy (Nepeta Qlechoma) has a prostrate stem, root- 
ing at the nodes, and blue flowers ; it is found in hedgerows, on 
banks, etc. Self-heal (PnMla vulgaris) and Bugle (Ajuga 
reptam) are found in damp meadows, etc., and resemble eaoh other 
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in general appearance. In SaUellaria the flowers ai-e solitary and 
axillary ; S. gahriculala^ the Greater Skullcap, which grows in 
moist places, has blue flowers ; S. tninor, the Lesser Skullcap, 
found on lieatliii;, etc., has lilac flowers. Commoxi Balm {Melissa 
officinalis) is found as a garden- escape. Bastard Balm {Melittia 
Mdlissophyllnm) occurs in woods and hedgerows in the South of 
England and Wales. 

Hemp-nettle {Galeopsis) has three species in Britain, in corn- 
fields and waste places ; G, tetrahity the commonest species, has 
purple-red, yellow, or almost white flowers, and a large swelling on 
the stem below each pair of leaves. Black Korehound ( Hallota 
nigra) has downy, wrinkled leaves, and dense clusters of purple- 
red flowers ; the plant has a disagreeable smell. Wood Sage 
{Teucrium scorodonia) is v^ery common in dry, stony places; the 
pale yellow corolla has a very short tube. 

There arc four nativ’e British species of Dead-nettle (Laminm), 
L. albitm is the White Dead-nettle ; L. purpureuniy the Red Dead- 
nettle. The Kenbit (/>. amphxicauh) resembles L, pnrpureumy 
but its leaves are lobed, and the upper ones are stalklcss, and clasp 
the stem. The Yellow Archangel {fj. galeohdolon) is found in 
woods and shaded hedgerows ; it has yellow flowers. 

Stachys has four common British species — Wood Betony [S. 
hetonica)y Hedge Woundwort [S. sylvatica). Harsh Woundwort 
{^, paimtris)y and Field Woundwort {S, arvensis). 


§ 14. ScrophnlariaceaB. 

Didingiiishincj characters: — Flowers gamopetalouSy hypo'^ 
gynouSj more or less irregular and zygomorphic ; stamens 
usually 4, sometimes 2, rarely 5, ejnpetalous ; fruit usually 
a bilocular capsule. 

This order is readily distinguished from Labiatse by its 
fruit. Most of the plants belonging to it are herbs or 
under-shrubs, with alternate or opposite, exstipulate leaves. 
The stems are usually cylindrical. Familiar examples are 
Foxglove (Digitalis), Speedwell (Veronica), Snapdragon 
(Antirrhinum), Toadflax (Linaria), and Calceolaria, The 
order includes a number of semi-parasites: — Eyebright 
(Euphrasia^, Cow- wheat (Melampyrum) , Yellow Eattle 
(Bhinanthus) , Lousewort (Pedicularis), and Bartsia (see 
p. 197). 

There are various forms of inflorescence. Eacemes 
and spikes are common, but sometimes the lateral branches 
are cymose ; occasionally the flowers are solitary and axil- 
lary. Bracts and bracteoles are generally present. The 
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flowers (Fig. 179) are hermaplirodite, zygomorphic ; they 
are typically pentamerous, but there are various moditi.- 
cations due to suppression and fusion. , 

The calyx is gamosepalous, usually 5-lobed, persistent ; 
in Veronica and Calceolaria the posterior sepal is sup- 
pressed. The corolla is gamopetalous, usually two-lipped, 

CALYX 



Fig. 179. — L, Skition or Flower of Foxglove. 


hypogynous; in the Mullein {Verhascum') it is nearly 
regular; in Antirrhinum and Linaria it is bilabiate and 
personate; in Foxglove it is glove-shaped; in Veronica 
rotate, and 4-lobed owing to the fusion of the posterior 
pair of petals ; in Linaria it is spurred. 

The stamens are usually 4 in number, epipetalous, 
didynainous. The posterior stamen has been lost; it is 
present, however, in the Mullein (Ferftascim), and is repre- 
sented by a staminode in the Figwort (Scrophularia) and 
Penistemon. In Veronica and Calceolaria there are only 
2 stamens, the anterior pair also having been suppressed. 
The gynteceum is bicarpellary, syncarpous; the style 
single, the stigma entire or 2-lobed. The carpels are in 
the median plane. The ovary is bilocular, superior. The 
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anatropous ovules are usually numerous, and borne on a 
large, axile, dumb-bell-shaped placenta. The fruit is a 
capsule, dehij3cing loculicidally or by pores. The seeds 
are usually numerous and albuminous. 

Floral formulse : — Foxglove — K(5) C(5) A4 G(^), 

Speedwell— K(4) 0(4^2 a(2). 

Folliuatiou. — There is a honey-disc at the base of the 
ovary. The flowers as a rule are only slightly protandrous, 
and in most cases self-pollination may occur; but the 
stigma usually protrudes beyond the stamens so as to be 
touched first by the visiting insect. Open flowers like 
those of Speedwell and Mullein are mostly pollinated by 
hover-flies. In Speedwell the stigma bends down over the 
large lower petal, while the two stamens project over the 
lateral petals. The insect first touches the stigma and 
then, in seeking for the honey, which is protected by a 
ring of hairs, seizes the stamens and tucks them under its 
body, thus getting dusted with pollen. Many of the 
smaller-flowered species of Veronica are self-pollinated. 

Most of the flowers, however, are adapted for pollination 
by bees — those with closed (personate) corollas hj humble- 
bees. The flowers of the semi-parasitic species are known 
as “loose-pollen flowers.” The pollen is dry, and the 
anthers are protected by the well-developed upper corolla lip. 
The anthers are joined by hairs to form a “ pollen-box ” 
in which the pollen collects. The insect on entering the 
flower shakes th^ anthers, and gets dusted with pollen. 

The flowers i>f Figwort (Scrophularia) are protogynous 
and pollinated by wasps. 


The two common British species of Verhaacum are Woolly 
Mullein ( V. thapsua), on banks and roadsides, with dense covering 
of woolly hairs, yellow corolla ; and Dark Mullein ( V, nigrum), 
not so common, smaller, and h^uch less hairy. Floral formula 

K(5) C(5) A5 G(2). The only common British species of Linaria 
is L. vulgaris, the Toadflax, although a few others occur as weeds 
of' cultivation. The yellow, spurred: flowers are in dense racemes. 
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Sometimes abnormally regular flowers (“peloric flowers”) occur in 
which there arc 5 spurs, a fl-lobed corolla, and 5 stamens. The 
Ivy>leaved Toadflax [ L. cyniliolaria)^ which is common on walls, 
is an intr(Kluced j)la'nt ; after pollination the flowe?- stalk becomes 
negatively heliotropic, turns from the light, and forces the capsule 
into dark crannies in the wall. 

Antii'rhinum orontium is the only British species of Snapdrafifon. 
It is an annual growing in cornflelds, etc. Scrophularia (Figwort) 
has two common British species, erect herbs with 4-sided stems, 
and dull purplish flowers in axillary cymes ; 8. aqiiaiica^ in which 
the stem is winged at the angles, is a taller plant, and grows in 
moister places than 8, nodosa. The Foxg’love {Digitalis pw'purea) 
is well known ; it is a biennial, or in sheltered places a perennial, 
growing in sandy or rocky soils in open places or along the edges of 
woods. 

There are numerous species of Vero^iica. V. agrestis (Procum- 
bent Speedwell), in waste places and cultivated soil, V, buxhau- 
mii, in flelds, and V. hedera^olia (Ivy Speedwell), in cultivated 
soil, are annuals with solitary axillary flowers. In V. arvensis 
(Wall Speedwell), an annual, with two opposite lines of hairs on 
the stem, found in dry, sandy places, V. serpyllifolia (Thyme- 
leaved Speedwell), a perennial, growing in moist fields and waste 
places, and F. sjneata, a hairy perennial, found only on chalk in 
E. Pkigland and on limestone in W. England and Wales, the 
flowers are in terminal racemes. In the following perennial species 
the flowers are in axillary racemes : — Germander Speedwell 
(F. Chamoidrya), the commonest species of Speedwell, in which I he 
stem has two opposite lines of hairs ; Common Speedwell ( F. 
officinalis), and Mountain Speedwell ( F. montana), in which the 
stems are hairy all round ; Marsh Speedwell ( F. scutellata), 
Brooklime ( F. beccabunga), and Water Speedwell ( F. amigallu), 
which grow in ditches and wot places, and differ from all the other 
species in being hairless plants. 

Pedicularis has two British species, both common, with pinnate 
leaves and red flowers in racemes — the liousewort {P. sylvaiica), 
a perennial growing in damp fields, and the Red Rattle {P* pains- 
ti'%s), an annual found in bogs and marshes. The commonest species 
of Melampyrum is M, pratmse, the Cow-wheat, a shade-loving 
annual found chiefly in woods. Bartsia odontites, an annual with 
square stem and opposite leaves and flowers in a one-sided spike, 
is common on road-sides, cornfields, etc. The Yellow Rattle {Rhi- 
nanthus crista-galli), an annual with square stem, narrow decussate 
serrate leaves and inflated calyx, is common in damp fields. The 
Eyebright (Euphrasia officinalis) is a small annual, abundant by 
roadsides and in fields. 

Common cultivated plants are Pentstemm (Beard-tongue), 
Chelone (Turtle-head, in which the sterile Sth stamen is shorter 
than the fertile ones}. Calceolaria (with inflated, ** slipper-shaped” 
corolla), and Mimvlus, In Mirmdus the stigma-lobes are flat and 
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sensitive to conttict, closing up wlien touched ; self-pollination is 
thus prevented as the insect leaves the flower. M. monchatu^ is 
the Musk ; hiiem (Monkey Flower), found abundantly along 
the wet banks of sti*eams, is a garden-escape. 



A, Vertical Section of Flower ; B, Fniit C, Longi- 
tudinal Section of Seed. 


§ 15. Campanulaceae. 

Bidivgmsh imi cJiaraders : — Flowers gamojpetalous, epigy- 

nous, ipentamerous ; 
stamens 5, usually 
not epipetalous ; 
gynseceum of 2^5 car- 
pels, syncarpotis ; 
placentation axile ; 
fruit capsular and 
dehiscing by valves 
or pores. Mostly 
herbs with milky 
latex. 

The plants re- 
ferred to this order 
are usually herbs, 
often with milky 
juice, sometimes low 
shrubs. They are 
widely distributed in temperate regions. The leaves are 
simple, alternate, and exstipulate. ^ 

Familiar examples are the Harebell 
{Campanula rohmdifolia) , Lobelia, 
and the Sheeps’-bit Scabious {Jasi- 
one montana), a plant common on 
hilly pasture-gawund. 

The inflorescence may be i*ace- 
mose or cymose. In Campanula 
the apparent racemes are really 
racemose cymes, as shown by the 
fact that there is a terminal flower 
which usually opens first. In 
Jasione and Phyteuma, the Kam- 
pion, the flowers are in capitula. Flowers (Figs. 180, 181) 
regular, or zygomorphic and bilabiate {Lobelia), herma- 
phrodite, epigynous. 



Fig. 181.— Floral Diagram 
OK Campanula. 
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Calyx gainosepaloiis, 5-cleft, superior, persistent. In 
Lobelia the odd sepal is developed anteriorly (cf. Leguini- 
nosse), but owing to the twisting of the pedicel it comes to 
occupy its usual posterior position. Corolla of 6 petals, 
ganiopetalous, regular {Campanula) or irregular {Lobelia) ; 
aestivation valvate. 

Stamens 6 , free, or syngenesious {Lobelia), usually 
epigynoiis* (epipetalous in Lobelia). The bases of the 
filaments are usually flattened and more or less triangular, 
occasionally united. Gynaecenm of 2-5 cjirpels (often 3), 
syncai’pous ; ovary multilocular, inferior ; placentation 
axile ; ovules oo, anatropous ; style single ; stiijmas 2-5, 
reflexed when unfolded. Fruit (Fig. 180, n) a capsule, 
dehiscing by pores at the base or apex, or by lateral valves. 
Seeds albuminous (Fig. 180, c). 

Floral formulae : — Campanula: K(5) C(5) A5 G(3-5). 

Jasione: K(5) C(5) A(5) G(2-3). 

Lobelia: K{9) o!5^5) G(2). 

Pollination. — The flowei’^j are markedly protandrous. 
Honey is secreted by a disc developed on top of the ovary, 
and is protected by the triangular bases of the Btaniens. 
The pollen-grains escape early from the anthers, often when 
the flower is still in the bud, and adhere to hairs on the 
style. The flowers are chiefly adapted to pollination by 
bees, but there are many other insect visitors, more espe- 
cially in Phyteuma and Jasione where the small flowers are 
aggregated in lieads. In many cases, if cross-pollination 
fails, self-pollination may take place by the stigmas at 
a later stage bending back and reaching the pollen on the 
style. 

These points can readily be made out in Cam 2 )anula, 
There are interesting details in the other genera. In 
Phyteuma the corolla is deeply cleft, but the tips of the 
petals are at first united, and hold the stamens together so 
that the developing stigmas, still folded up, push through 


* In all gamopetalous orders except Campanulaceie and Ericaceae 
the stamens are epipetalous. 
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and brush out the pollen. In Jasione also the stigmas act 
as a pollen-brush, but here the anthers are slightly syn- 
geiiesious. The same mechanism is recognised in a more 
perfect condition in Lobelia, where the stamens are quite 
syngeiiesious (cf. the mechanism in Compositae, p. 321). 

In most species of Campamila the corolla is campanulatc and 5- 
to(jthed, and tlic gynajceum tricarpellary. The commonest species 
is the Harebell (&. rotuwlifolia), on banks, heaths, etc. Other 
species are Clustered Campanula ((7. glamerata), Nettle-leaved 
Campanula ((7. !7VacAe//?m), Giant Campanula ((7. latifolia), and 
Ivy Campanula (6\ hederacea), the last of which grows in moister 
places than the others. The Canterbury Bell (G. medium) is a 
cultivated species, with many varieties. 

The only British species of Jasione is J. montana. There are two 
species of Phyteuma, neither of them common. P, orhicidare grows 
on chalk downs in the south of England. Lobelia Dortmanna 
(Water Lobelia) grows in shallow lakes ; it gives off runners, and 
its flowering shoots rise above the surface of the water. 


§ 16. Compositae. 

Distinguishiv^ characters : — Flowers gamopetalotis, epigy- 
nous; stamens 5, syngenesious, epipetalous ; pistil hicar- 
pellary ; ovary unilocular with one basal ovule. The 
capitulate inflorescence is very characteristic, as also is the 
fruit. 

This is the largest and most widely distributed order of 
flowering plants, including over ten thousand species. The 
plants are nearly all herbaceous ; only in certain parts of 
the globe is the order represented by shrubs. They present 
great variety in their vegetative organs, as would naturally 
be expected, c^sidering they are found everywhere and in 
all situations'. Water-plants, climbing-plants, and epi- 
phytes (p. 217) are not common in the order. There is 
usually a tap-root, often more or less thickened, e.g. 
Dandelion, llie leaves are usua^ radical, or alternate, 
less frequently opposite (Sunflov^), usually exstipulate. 
Laticiferous vessels are foutrd in some {e.g. Dandelion) and 
oil-ducts are common in the order. 

The inflorescence is with few exceptions a capitulum, 
containing numerous small flowers (florets) surrounded 
and protected by an involucre (Fig. 151). The disc is 
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usually flattened or convex. The flowers in the capitulum 
may be all alike (Dandelion) or may have different cha- 
racters (Daisy). The youngest are in the centre. Small 
scaly bracts, called pa leas, are frequently present between 
the flowers (e.g. Sunflower), and the capitulum is described 
as paleaceous. Sometimes hairs or bristles take the place 
of scales (e.g. in Thistles). The capitula may be arranged 
in racemes, panicles, spikes, etc. 

The flowers (Fig. 124, a, d) are epigynous and usually 
pentamerous. They may be adJiaomorphic or zygomorphic ; 
hennaphrodite, unisexual, or neuter (p. 222). The ar- 
rangement of the flowers in the capitulum is described 
below. Tlie calyx is absent, or represented by a ring of 
small teeth or a pappus borne on top of the ovary. The 
corolla may be tubular, ligulate, or (in some foreign 
Composites) labiate ; it is valvate in sestivation. The 
stamens are five in number, epipetalous and syngenesious. 
The pistil is bicarpellary, syncarpous ; the style is single 
and slender or filiform, the stigma bifid. The ovary (Pig. 
13G) is inferior and unilocular ; there is a single anatropous 
ovule with basal placentation. The fruit (Figs. 35, 162, a) 
is a cypsela ; the seed exalbuniinous. The pappus, when 
present, may be sessile, or may after fertilisation be carried 
up on a stalk. 

The British Compositse are divided into two series or 
sub-orders : — 

(1) The Ligulijlorsef in which all the florets in a capi- 
tulum are ligulate and hermaphrodite {e.g. Dandelion). 
They have all laticiferous vessels. 

(2) The Tubuliflor^, in which some, at least, of" the 
flowers are tubular; there is no latex. There are two 
common arrangements : (a) the flowers are all tubular, as 
in the Thistles ; (h) there are ray and disc florets — those 
of the disc tubular and usually hermaphrodite, those of 
the ray ligulate and "'{ilually pistillate {gynomonoecious 
condition*)^ e.g. the Daisy. 

The mechanism of pollination is interesting. The 
flowers are protandrous. The pollen-grains are shed 

* Of. the gynodioeoious condition, p. 312. 

EOT. - - 21 



322 CLASSIFICATION OF ANOIOSPBBMS : NATURAL ORDERS. 

into the tube of anthers. The style and stigma elongate 
through the anther-tube, and gradually brush out the 
pollen-grains/i which are carried away in large numbers by 
insects visiting the capitulum. The stigmas do not unfold 
till they have grown out of the anther-tube ; and, as only 
the upper surface of the stigma is receptive, self-pollination 
is prevented. If cross-pollination does not teke place, 
self-pollination is effected, in most cases, by the stigmatic 
lobes bending back and reaching the pollen. 

The corolla-tube is usually short enough to enable the 
honey, secreted by a ring-like nectary at the base of the 
style, to be readied by all except the sliortest-tongued 
insects ; but even in longer-tubed flowers the tubes are so 
narrow that the honey rises in them and is accessible to 
long-tongued flies and short-tongued bees. The flowers 
therefore are visited by a large variety of insects. In long- 
tubed forms, like the Thistles, pollination is usually effected 
by bees and butterflies ; in short-tubed forms, like the 
Milfoil, by flies. Artemisia (Mugwort, W ormwood) is pecu- 
liar in having flowers adapted to wind-pollination. 

A few interesting arrangements may be specially noticed. 
In the Sunflower {Helianthus annuns) the ligulate ray- 
florets are neuter, as are also the tubular ray-florets of the 
Cornflower. In the Coltsfoot (Tussilago farfara) the 
tubular disc-florets are male, the ray-florets female. The 
flowers appear in spring before the leaves. The male 
flowers have a style, acting as a pollen-brush, but no stig- 
mas. Both kinds of flower have a pappus, but it remains 
small in the male flowers. Only the male flowei^ secrete 
honey. The Bjitterbur {Petasites vulgaris) is closely allied 
to the Coltsfoot. It is dicecious, the tubular florets in the 
capitula being all male or all female. The male flowers 
have ovary and style, but no ovule. 

A study of the floral structure, of the inflorescence, and 
of the arrangements for the dispersal of fruits in the Com- 
posites supports the view that they represent the highest 
development amongst the flowering plants. The capitu- 
lum is a highly specialised inflorescence, and shows 
considerable division of labour. The aggregation of srnall 
flowers not .only serves to attract insects with the least 
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expenditure of mcaterial, but also secures the pollination of 
a number of flowers at each insect- visit. 

Frequently, only some of the flowers (ray-fiorets) develop 
large corollas ; this seems to be done at the expense of one 
or both sets of essential organs, hence the frequent occur- 
rence of pistillate or neuter florets in the ray. The 
mechanism of pollination is simple and very effective, and 
is accompanied by an arrangement for ultimate self- 
pollination. There is so little chance of fertilisation failing 
to take place that there is no need for the development of 
more than one ovule in each flower. 

I. LitjidijlortM : — Flowers in common British species yellow (except 
in Chicory) ; pappus present except in Lvupmna. 

Taraxacum dms-leonis is the Dandelion. There are five common 
species of Hawkweed {Hieracium) with many varieties ; the com- 
monest is H. pUosdla^ the Mouse-ear Kawkweed. Grepis mrena 
(Smooth Kawk’s-beard) is an annual very common in cultivated 
and waste ground. Souchus (Sow-thistle) has 3 common species, 
all with hollow stems and jagged stem-clasping leaves — S. arvemist 
perennial, chiefly in corn-fields, and oferacea and S. asper, 
annuals, in cultivated and waste places. The common species of 
Lactuca is L. muralis, the Wall Lettuce. Cat’s-ear {Hypocheria 
radicata) is very common in meadows and sandy places. Tra/ja- 
poyon praUenaia is the doat’s-heard ; T, porrifolimt Salsify, with 
purple flowers, occurs as a garden -escape in the south of England. 
Chicory {Gichorium intybm), in England, by roadsides and in 
fields, has blue flowers and scaly pappus. Lapaana commxmia is 
the Nipplewort. 

II. Tuhufiflorce, 

{a) With florets all tubular.— "Bva Marigold {Bidena cerrnia) and 
Kemp i^^imony {Eupatondum canmdnnim\ occur in damx3 places. 
Artemiam mdgaria is the Mugwort ; A. ahainthiumy Wormwood. 
The genera Gnaphaliumy Filago, and Autennaria include the Cud- 
weeds ; Onaphalium idiginoatmiy the Marsh Cudweed, is common 
in wet places ; Anteiinaria dioicay the Mountain Sverlasting, is 
dioecious. The Burdock {Arctium Lappa) is common on roadsides; 
it has large cordate leaves, and the involucral bracts have hooked 
tips. In Carlina rndgarisy the Carline Thistle, the leaves have 
spiny teeth, and there are bristles between the florets. 

Garduua includes the true Thistles ; the three commonest species 
are C. aruenaia (Creep^ing Thistle), with male and female flowers 
in separate heads on different shoots, G. lanceolodua (Spear Plume 
Thistle), and (7. poduatria (Marsh Plume Thistle). Omp(yrd<m 
acaiuhiumy the Cotton or Scotch Thistle, differs from the true 
Thistles in having no bristles between the flowers. The commonest 
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species of Centaurea is C. nigra (Hardheads, Knapweed) in which 
the bracts of the involucre overlap, and have a broad, black, fringed 
margin ; either with or without larger, neuter outer flowers. 
C, scahiosa is ^iie Greater Knapweed, with a ray of neuter 
flowers, and broader bracts with narrow fringe. C. cyanus, the Blue- 
bottle or Cornflower, in cornfields, has very large blue neuter 
flowers and is often cultivated. 

(6) With ligiilate ray florets and tuhular disc florets. — Tanacetum 
milgarey the Tansy, has large pinnate leaves; outer flowers 
female, with short ligule ; inner flowers male ; common but not 
native in Britain. Achillea has two common British species — 
A, millefolium (Milfoil or Yarrow) and A. ptarmica (Sneeze- 
wort) . The two common species of Chrysanthemum are G. leucan- 
themum (Ox-eye Daisy) and G. segetum (Corn Marigrold). In 
Anthcmis cotula (Stinking Mayweed) the leaves arc twice pinnate, 
and the ray flowers neuter; A. arvensis is the Corn Chamomile. 
There are two species of Matricaria — M. inodora (Scentless 
Mayweed) and M. cJiamomilla (Wild Chamomile). Aster tripo- 
liuniy the Sea Aster, is found in s<alt marshes ; it has narrow fleshy 
leaves, and flowers resembling those of the Michaelmas Daisy. 

Senecio is the largest genus of Flowering Plants, having over 1200 
species (only 9 in Britain). The common British species arc : — S. 
vulgaris^ the Groundsel, which has no ligulate ray flowers and is 
mostly self-pollinated ; S. jacohma, the Ragwort; and S. aquatica^ 
the Marsh Ragwort. Imda crithmoidesy the Golden Samphire, 
grows in salt marshes; I. dysenterica is the Yellow Fleabane. 
Golden Rod {Solidago virgaiirea)y with small bright yellow heads of 
flowers, is found in moist woods. 

§ 17. Liliaceae. 

Distinguishing characters : — Perianth usually petaloid ; 
flowers hypogynous ; 6 stamens ; trilocular ovary. 

This is a very large order, comprising about 200 genera. 
The plants are mostly lierbs perennating by means of 
rhizomes, e.g. Solomon’s Seal (Fig. 51) and Lily-of-the- 
Valley, bulbs, e.g. Lily, Onion, and Hyacinth (Fig. 55), or 
conns, e,g. the Meadow Saffron or Autumn Crocus (Fig. 
54). A few are shrubs or trees, e.g, Dracsena and Yucca, 
often showing secondary growth (p. 129). Some have 
vegetative reproduction by means of bulbils, e.g. Lilium 
hidhiferum. Some are climbing plants, e.g. Smilax (p. 147). 
Buscus, the Butcher’s Broom, is a shrub with phylloclades 
(Fig. 59), bearing unisexual flowers ; it is the only British 
monocotyledonous shrub. Many species are xerophytic 
{e,g. Aloe). 
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The inflorescence may be racemose or cymose. The 
umbellate heads found in many, e.g. Onion AgajjcmthuSt 
are cymose. In the Tulip there is a solitary terminal 
flower. The flowers (Figs. 145, 182) are actinomorphic, 
usually hermaphrodite, typically trimerous and hypogy- 
nous. The perianth consists of six parts in two whorls, 
and is usually gamophyllous, occasionally polyphyllous 



Fig. 1S2.— Fi/jwkr and Floral Uiaoram ok Oardkn IlvAciNTir. 



{e,g. Tulip and Wild Hyacinth). There are six stamens 
in two whorls, liypogynous or opiphyllous, with usually 
introrse anthers. The pistil is tricarpellary, syncarpous ; 
the ovary trilocular, superior ; the ovules indefinite, ana- 
tropous ; the placentation axile. The fruit is usually a 
loculicidal or septicidal capsule, occasionally a berry {e.g. 
Asparagus and Lily-of-the- Valley). The seed is albu- 
minous. 

In many cases the flowers are pendulous (the pollen 
being thus protected, and cross-pollination promoted), 
while the capsules are erect, and the seeds blown out 
gradually by the action of the wind (censer-mechanism). 

Pollination. — Both self-pollination and cross-pollina- 
tion occur, most of the flowers being adapted for long- 
tongued insects. In most cases honey is produced by 
glandular tissue in the partitions between the chambers 
of the ovary (e.g. Scilla nutans, the Bluebell or Wild 
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Hyacintli). In Lilium it is secreted tat the base of the 
periantli leaves ; in the Antnnin Crocus, on the outer side 
of the filaments of the stamens at the bases of their free 
parts. In Tulip, Garlic, and i>og Asphodel there is no 
honey ; tlie flowers are visited for pollen. In Herb Paris 
the dusky colour and fetid smell of the flower attract 
carrion-loving flies. 

A number of genera and species are found wild in Britain, but 
most of them are rare or of very local occurrence, and some of them 
not truly indigenous. 

Fruit a berry : — In Herb Paris (Paris quadrijolia) the parts of 
the flower are usually in fours ; there are four leaves, with reticulate 
venation below the single terminal flower. Polygonatum m\dti~ 
/forwm, found in woods, is the commonest sijecies of Solomon’s 
Seal. Convallaria iuajalis, the liily-of-the-Valley, is common 
in some parts of England. Asparagus {Aspa^'agns officinalis) is a 
xerophytic jilant with small pointed clad odes in the axils of the 
scaly leaves ; it occurs on the south-west coast of England. Pusciis 
aculecUua, the Butcher's Broom, is abundant in the soutli of 
England ; it is ditecious and the flowers are borne on tlie cladodes. 

Fruit a capsule :--T\ig Common Fritillary or Snake’s Head 
(Fritillaria meleagris), the Wild Tulip (Tulipa sylveslris)^ both 
with solitary terminal flowers, and Gagca Intea, Yellow Star of 
Bethlehem, with a small raceme of yellow flowers, occur in some 
parts of England. Omithogalum umhellainm is the Star of 
Bethlehem; it is not indigenous. There are three species of Scilla 
of which nutanSf the Bluebell or Wild Hyacinth, is abundant. 
Muacari racemosum, the Grape Hyacinth, occurs in tlie east 
of England ; it is often cultivated. Wild Garlic or Ramsons 
(AUimn ursinum) is the commonest species of Allium. ’Flio Bog 
Asphodel (Narthcciurn ossifragum) is common in bogs and marshes 
on moors. Tofiddia palustHs, the Scottish Asphodel, is an 
alpine species found on mountains in Scotland and the north of 
England. ColchUt^m aulwmnale, the Meadow Saffron, which 
flowers in autumn.uiid sends up its leaves in spring, is common in 
some parts of England. 

Agapmxihus (Love Flower), Aspidistra (“Parlour Palm”), Aspho- 
delus, Funkia, JIpnerocallis (Day Lily), and numerous species of 
Hyaeinth (Hyacinthus) and Lily (Liliunij o.g. L, Martagon^ the 
Turk’s-cap, and L. hulhiferum) are eultivated. The Onion, Leek, 
Shallot, and Chives are species ol Allium. 


§ 18. AmaryllidacesB. 

Distinguishing characters : — Perianth petaloid ; flowers 
epigynous; 6 stamens; inferior^ trilocular ovary. 
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The plants of this order mostly perennate by means of 
bulbs. A few have rhizomes, e.g. Agave. They are found 
chiefly in hot, sunny, dry regions of the glpbe (S. Africa 
and S. America), their bulbs enabling them to tide over 
the dry, rainless season. They resemble Liliacese in most 
of their characters, but are readily distinguished by the 
inferior ovary. The only native British plants are the 
Snowdrop {Galanthus nivalis), the Snowflake {Leucopim 



Pig. 183. — Flower ok Daffodil in Vertical Section. 


sestivum), and two species of Narcissus (including N. 
Pseudonarcissus, the Daffodil). Amongst the cultivated 
forms are numerous species and varieties of Narcissus, 
Amaryllis, and Crinum. Narcissus Jonquilla is the Jon- 
quil. Agave Americana is the American Aloe or Century 
Plant*; it is a xerophyte with rhizome and massive 
rosettes of spiny leaves ; after a storage period often of 
many years’ duration it produces a huge inflorescence and 
then dies down. 


The true aloes are liliaceous plants (see p. 324). 
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The flowers are produced on scapes, and are either 
solitary (Snowdrop, Daffodil), or two or more together 
in cymose inflorescences which are frequently umbellate 
(p. 253). A spathe is present (Fig. 183). The flowers 
are hermaphrodite, epigynous, usually regular and actino- 
morpliic, occasionally zygomorphic. 

The perianth is superior and petaloid. It consists of 
six segments in two series (calyx and corolla), and may be 
polypliyllous (Snowdrop and Snowflake) or gamophyllous 
(Narcissus). In Narcissus (Fig. 183) a cup-shaped or 
tubular corona is present (see p. 232). Stamens 6, either 
epiphyllous (Narcissus) or epigynous (Snowdrop) ; an- 
thers iiitrorse or rarely extrorse. Gynsecenm tricarpel - 
lary, syncarpous ; ovary trilocular, inferior ; ovules a , 
anatropous ; placentation axile ; style single ; stigma simple 
or trilobed. Fruit a loculicidal capsule, occasionally a 
berry {Agave) . Seed albuminous, 

TIjo Snowdrop produces only two foliage leaves and a lower 
sheathing leaf eacli year. The swollen bases of tlie foliage leaves 
form the fleshy scales of the new bulb. Tlic flowering axis arises 
in the axil of the upper foliage leaf. The primary axis is mono- 
podial, and continues to grow from year to year. A new bulb may 
arise as a bud in tlie axil of tlie sheathing leaf, sometimes also in 
the axil of the lower foliage leaf. 

The inner segments of the perianth (petals) differ from the outer 
(sepals). They are smaller and slightly cleft. Each has a green 
lioney-secrcting groove on its inner face. The anthers have pointed 
processes and closely surround the style. They dehisce by apical 
slits. A bee on entering the ijendulous flower first touches the 
stigma and may effect cross-pollination ; then it moves the anthers 
and gets dusted with pollen. If, however, cross-pollination is not 
effected self-i)ollination may take place. The anthers separate 
from each other ana the pollen falls on the stigma, which, as the 
flowers are pendulous, lies below the anthers. 

The Snowflake resembles the Snowdrop, but the leaves are more 
numerous, there are several flowers, and the inner and outer perianth 
segments are similar to each other. 

In Narcissus honey is secreted by the base of the perianth-tube. 

§ 19. OrchidacesB. 

Distinguishing characters : — Perianth j)etaloidy zygomor- 
phic : flowers epigynous, gynandrous ; stamens reduced in 
number ; ovary unilocular. 
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This is a very large and interesting order, comprising 
only herbs pereniiating by means of rhizomes, tubers 
(Fig. 74), etc. They are of 
very diverse habit, includ- 
ing land-plants, epiphytes 
(p. 217), saprophytes, etc. 

Many of the land and epi- 
phytic forms are adapted to 
xerophytic conditions (p. 

216), storing up water and 
reserves either in thickened 
internodes called pseudo- 
bulbs or in fleshy leaves. 

The epiphytic orchids 
which abound in the tropics 
are especially interesting. 

The epiphytic adaptation is Fig. is^.-Flowkh of oncms. 
sliown in many ways. They 

support themselves by means of clinging adventitious 
roots, on which are developed absorbing roots. The latter 
penetrate into the humus which collects between the 
clinging roots and the support. Then there are the aerial 

roots, each of which has at 




Pig. 185.— Central Part of Flower 
OF OliClIJS. 

Perianth segmouts removed. 


its apex a spongy sheath of 
tracheidcs called the vela- 
men. The velamen repre- 
sents a many-layered epi- 
dermis and serves to absorb 
moisture from the atmo- 
sphere. The production of 
abundant small seeds easily 
carried by the wind is also 
an adaptation to epiphytic 
conditions. 

The inflorescence is 


racemose, most frequently a spike. The flowers (Figs. 
184, 186) may be compared with the typical monocotyle- 
donous form, the many striking differences met with being 
due to suppression, adhesion, and hypertrophy of certain 
parts. 
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The perianth is pctaloid, zygomorphic, and consists of 
six segments in two whorls. The posterior segment (petal) 
of the inner whorl is always more strongly developed than 
the others ; it forms the labellum. Owing to the twisting 
of the inferior ovary, the labellum comes to be anterior 
(the resu^pinate condition — cf. Lobelia, p. 319), and serves 
as the landing-stage for the insect. In the genera Orchis 
and Hahenaria the labellum is spurred. 

The androBcinm usually consists of one stamen and 
two staminodes (e.g. Orchis), but in Gypripedium and its 
allies there are two stamens and one staminode. Corre- 
sponding to this there are two divisions of the Orchidacese — 
the Monandrm and the Biandrse. The stamens are fused 
with a prolongation of the axis of the flower called the 
gynostemium (the gynandrous condition, p. 234), which 
also bears the three stigmas on its apex. In the majority 
of Orchidacese the pollen grains are united into pollinia. 

The pistil is tricarpellary and syncarpous ; the ovary 
inferior and unilocular. The ovules do not develop till 
after pollination ; they are anatropous, and borne on three 
parietal placentas. The fruit is a capsule containing an 
enormous number of very small, light seeds. The seed 
is exalbuminous, and its embryo is not differentiated into 
plumule, radicle, and cotyledon. 

In Orchis (e.g. 0. mascula, the Early Purple Orchid), 
which may be taken as a type of the Monandrse, the single 
fertile stamen is the anterior one of the outer whorl ; the 
two staminodes are the anterior ones of the inner whorl 
(Fig. 186). Pollinia are present. One of the stigmatic 
surfaces is incapable of being pollinated, and develops into 
a projecting sfoucture called the rostellnxn (Fig. 185). 
The pollen-grains are held together by delicate threads 
which run together at the base of the anther-lobe to form 
a mucilaginous cord called the caudicle, which is attached 
below to a sticky disc, the glandula (Fig. 129, c), in contact 
with the rostellum. The two'functional stigmatic surfaces 
are below the rostellum, the two anther-lobes above it, one 
on each side. These various structures are borne on the 
gynostemium. 

In Cypripedium (Fig. 186) the two stamens are the 
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anterior ones of the inner whorl, i.e. those represented by 
staminodes in Orchis, The staminode is the anterior one of 
the outer whorl, i.e. the fertile one in Orchis.* There is no 



Fig. 18C5.— Fl<»ral Diagrams ok Orciiidace.e. 
A, Cyi>ril>odiuni ; B, Orchis. 


rostellum. The three stigmata are fused in one. The pol- 
len-grains are not aggregated into pollinia, but are sticky. 

Follinatiou. — The flowers are entoniophilous. No 
honey is secreted ; the insects have to pierce the tissues to 
get it. The contrivances in Orchidacese are innumerable, in 
many cases extraordinary. We may consider the Early 
Purple Orchid as an example. The insect alights on the 
labellum, and seeks in the spur of the labellum for the honey. 
The back of the insect comes in contact with the rostellum, 
and pushes aside the membrane covering the sticky discs of 
tlie caudicles so that the insect presses against them. 
While the insect is piercing the spur, the mucilaginous 
substance of the discs “ sets,” and when the insect leaves 
the flower the pollinia are dragged out. At first they stand 
erect on *the back of the insect, but very gradually they 
are lowered, owing to hygroscopic properties which tlieir 
stalks possess, so that when the insect enters another 
flower they touch the sticky stigmas, which drag off some 
of the packets of pollen. 

Floral formulae * : — 

Orchis P3 -b 3 A1 4- 12 a(3) . 
Gypripedium P3 -f- 3 A2 -f fl 
* t = staminode. 
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Most of the British plants belonging to the order perennatc by 
moans of tubers ; but in a few tlicre are rhizomes, the Twayblade. 
There are five fairly common species of Orchis : — 0, masculay the 
Early PnrplcT Orchid, is the commonest ; it has whole tubers 
and spotted leaves. O. maciUatay the Spotted Orchis, and 
O. lalijblia, the Marsh Orchis, also have spotted leaves, but the 
tubers are lobed (Fig. 74). G-reen-wingfed Orchis (0. morio) has 
green-veined sepals, which arch over the two small upper petals to 
form a hood. Pyramidal Orchis (O. pyramidalia) is known by 
its pyramidal spike of rosy flowers. 

The genus Habenaria resembles Orchis in having spurred flowers. 
II. bi/olia (Butterfly Orchis), in wet meadows and heaths, with 
white flowers ; H. conopsea (Fragrant or Scented Orchis), in dry 
pastures, with purple flowers ; IL viridis (Frog Orchis), in hilly 
pastures, with 3 ^ellowish green flowers, are frequently met with. 
The genus Ophrya includes the Bee Orchis (0. apifera), the Ply 
Orchis {0. muscifera), and the Spider Orchis (O. aranifera), all 
found in limestone districts ; the Bee Orchis is interesting in being 
self-pollinated, the pollinia falling over on the stigma. 

Coral-root (Corallorhiza mnafa)y Bird’s-nest Orchis {Neottia 
nidxis-ams)y and Epipogxun aphyllum are leafless saprophytes grow- 
ing in woods (see p. 198). Corallorhiza and IJpipoyum are very 
rare. 

There are two species of Twayblade ( Lislera). L. ovata is found 
in woods and pastures ; L. cordata in mountain woods and moors. 
Two species of Epipactisy with green or greenish purple flowers, 
Epipactis lat {folia in woods, and E. palasiria in marshes, are fairly 
common ; they are visited chiefly by wasps, Spiranthes autumnalis 
(Lady’s Tresses), the common species, witli white flowers, is 
found on hilly pastures in England and Ireland. In Gephalanthera 
f/raiidiftora (White Kelleborine), which occurs in woods in lime- 
stone districts, the flowers (white) are self-pollinated. 'J'he only 
British species of Cypripedium is G. calceoliis (Lady’s Slipper), 
found in woods in Durham and Yorkshire. 

§ 20. GramiMSB. 

Distinguishing^ characters : — Perianth scaly or absent; 
flowers hypogynous, enclosed in scaly bract and hracteole ; 
pistil monocarpellary ; fruit a caryopsis ; the leaves are 
ligulatey and the leaf -sheath is split. 

This is a very large and easily recognised order, includ- 
ing the familiar cereals and grasses generally. Nearly all 
the plants are lierbaceous, with hollow internodes and 
jointed nodes. The Maize {Zea) and a few others have 
solid internodes, and the Bamboos often grow to a great 
height. The leaves are alternate, and are usually arranged 
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in two opposite series or orthosticliies (distichous arrange- 
ment — divergence -J). The leaves have no petiole, but 
long sheaths which are split on the side , opposite the 
lamina (Fig. 86, e). The lamina is linear, and usually 
bears a ligule at the base. Many are annual; but the 
majority are perennial and either have rhizomes, runners, 
or suckers, or develop a tufted habit by copious branching 
at the base. 

The inflorescence is more or less complex. The flowers 
are arranged in spikelets, but the spikelets are grouped 
together in various ways to form compound inflorescences. 
In the Wheat (Tritictim) and Perennial Rye-grass {Lolium 
perenne) the spikelets are arranged on a main axis form- 
ing a compound spike. In many other species the spike- 
lets are borne on numerous branches given off from the 
main axis ; in these forms the inflorescence is a panicle of 
spikelets which may 
be loose, e,g. the Oat 
{Avena sativa), or 
close and cylindrical, 
owing to the short- 
ness of the brandies, 
e,g, the Fox-tail 
Grass {Alopecurus) 
and Timothy-grass 
{Phleum pratense). 

The spikelet (Fig. 

187) consists of a 
slender axis bearing 
a number of scales 
in two rows. The 
two basal scales, one 
on each side, are 
barren, i.e. have no flowers ; they are called the glumes. 
The other scales are bracts with flowers in their axils; 
they are called the lower or outer palese or flowering 
glumes. The lower palea sometimes bears a long process 
called the arista or awn. 

The number of flowers in a spikelet varies : there may 
be only one perfect flower ; sometimes one or more of the 



Fig. 187 .— Tvpical Spiket.et of a Grass. 
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flowers are rudimentary, e,g, the Oat. The flowers are 
sometimes unisexual ; in the Maize (Zea mats) male 

flowers are borne in 
a loose apical pan- 
icle, and female 
flowers on a stout 
lateral fleshy spike 
(spadix) sheathed in 
leaves. 

The axis of tlie 
flower bears a scaly 
bracteole called the 
U2)per or inner 
palea ; it is opposite 
the bract. The 
flower (Fig. 188) lies 
between the upper 
and lower palese. It has usually three hypogynous sta- 
mens corresponding to the outer whorl of the typical 
monocotyledonous flower; sometimes only two. The sta- 
mens have long slender filaments, 
and the anthers are versatile and 
extrorse. 

The gyuieceum is monocar- 
pellary, and usually bears two 
feathery stigmas. The presence 
of two stigmas gave rise to the 
view that the pistil is bicarpel- 
lary, but the stigmas in Graminess 
are a developmgit of the carpel- 
lary margins, not of the apex. The 
monocarpellary condition is clearly 
shown by the presence of a fold on 
the posterior side of the ovary. 

The ovary is unilocular and supe- 
rior, and contains one erect anatro- 
pous ovule. The fruit is a caryopsis (Figs. 39, 162 c). 
The seed is albuminous. 

At the base of the ovary on the anterior side (next the 
bract) are two little scales called lodicules. These to- 


BRACTEOLE 



Fig. 189.— Floral Diagram 

OF A GhAS8. 

(Cf. with Figs. 145, 186.) 



Fig. 1S8.— Tvi'icai. Fm;»wkii of a Grass. 
Tiower puliui romoved. 
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getlier may represent another bracteole. Some consider 
that they represent two parts of a perianth (petals) other- 
wise completely suppressed (Fig. 189). 

Perennial Rye-grass is a very convenient type to begin 
with ; there is only one glume at the base of each spikelet. 

Pollination. — The flowers are protogynous and adapted 
for wind-pollination. At the time of flowering the lodi- 
cules swell up and force the bract and bracteole apart. 
The filaments of the stamens elongate and the anthers 
hang out. The pollen-grains blown about by the wind are 
caught by the feathery stigmas. Most of the cultivated 
cereals, however, are commonly self -pollinated. 

Floral formula: — KO CO A3-f0 Q-^, or, if the lodicules 
be considered as representing petals, KO C2 A3 + 0 G1 . 

The following are some of the coinmonor and more interesting 
native Grasses : — 

In fields^ paatnresy or loaate places : — rerennial Ryc-grass ( Lolium 
perenne)^ 8weet Vernal Grass {A'tUhoxanthum odoratum), Timothy 
Grass {Phhum pi'atenae)^ Me<idow Foxtail {Alopecurua pratenaia)^ 
Yorkshire Fog {/lolcua lanatua and II. JuolHs), Coueh-grass {Atjropy- 
mm Tepena\ Brome Grass {Bromm mollis and B. steriiia). Sheep’s 
Fescue {Fealuca ovina)^ Cock’s-foot {Dactylis glomerafa). Dog’s-tail 
{Cyfioaurus criatatua), Quake-grass (Briza 9ncdia)f Meadow Poa [Poa 
pratenaia). 

Invjooda : — Millet Grass {Milium ejpiiaum). Wood Melick {Melica 
uniflora\ Wood Poa {Poa nemoralia). 

(hi moorSj heaths^ etc . : — Common Bent {Agroatia alba). Mat-grass 
{Nardua atricta). 

In water and rmirahy places : — Common Reed {Amndo Phrag- 
mitea). Purple Molinia {Molinia cwrvlea), Glyceria fluitans. 

On the sea-coast: — Marram-grass {Ammophila arundinacea), Lyme- 
grass {Elymua arenaria). 



PART IIL-VASCULAR CRYPTOGAMS 
AND FLOWERING PLANTS. 


CHAPTER XIV. 

THE VASCULAR CRYPTOGAMS OR 
PTERIDOPHYTA. 

§ 1. It is necessary to study several types if we wish to 
obtain a clear idea of the characters and course of the life- 
history in Vascular Cryptogams, and if we wish, fui’ther, 
to trace the morphological and developmental resemblances, 
i.e. homologies, which exist between them and the Flowering 
Plants. The life-histories of the Fern, Horse-tail (Egui- 
setum), and Selaginella are suitable for this purpose. 

A. Lifb-Histort of the Fern. 

§ 2. General Characters. — The Ferns are by far the 
most important group of the Pteridophyta or Vascular 
Crypt^)gams. rlhey are for the most part shade- and 
moisture-loving plants, and grow abundantly in woods, 
hedges, and on hul-sides. A few, however, are xerophilous, 
and in the tropics there are many epiphytic forms. 

The fern-plant shows a well-marked differentiation into 
root, stem, and leaf. The stem has various forms — e,g, in 
the Tree-ferns of the tropics it is aerial, erect, and un- 
branched; but in most cases it is a rhizome, growing 
either horizontally or obliquely upwards through the soil. 
The roots are fibrous and adventitious, being developed 
from the surface of the rhizome or from the leaf-bases. 

336 
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The leaves are always large and highly developed. The 
lamina is sometimes entire (e,g, the Hart’s-tcngue Fern), 
but is usually much divided. • 

To illustrate the structure and life-history of the group, 
we shall consider more especially Aspidium filix-mas, the 
Male Shield Fern. Reference, however, will also be made 
to Pteris aquilina, the common Bracken. 

§ 3. Bhizome, Leaf, and Boot. — The rhizome in 

Aspidium (Fig. 190) is almost erect, its apex just reaching 
the surface. It is a stout structure, and its surface is 



ROOTS 

Fig. lyo.— Riiizomk of Arpidium. 

A, Upper iKirt, from which the older leaves liave been cut oS at the base 
an<i most of the roots removed ; B, diagrammatic transverse section. 

covered and concealed by numerous persistent leaf -bases. 
There is usually no lateral branching, but adventitious 
buds are developed on the bases of the leaves, and these 
may separate to form new plants. Lateral branching 
occurs in many ferns, but it is rarely axillary. As^ the 
rhizome grows in front, it gradually decays and dies off 
behind ; in this way the adventitious buds or the lateral 
branches become separated, and form independent rhi- 
zomes. 

The leaf is large, compound, and much branched. The 
dark-coloured base of the petiole is continued upwards as 
bot. 
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the racliis, which bears the green, flattened pinnoe and 
pinnules. A rosette of leaves unfolds each year, but each 
leaf takes two years to develop. All the young leaves and 
the bases of the old leaves are covered with numerous 
brown ramenta (p. 60), which are characteristic of Ferns 
in general. The j^tyxis of the leaf is circinate (p. 146) ; 
this also is characteristic ; each leaf is rolled on itself like 
a crosier from the apex to the base. The venation is 
described as furcate or divergent. One main vein enters 
each pinnule and gives ofE branches, which bifurcate and 
end near the margin without anastomosing. 

The fibrous adventitious roots are developed chiefly 
from the bases of the leaves. 

The dorsi ventral rhizome in the Bracken is an elongated straggling 
structure which grows horizontally through the soil and branches at 
intervals. The branching is really lateral, but simulates dichotomy. 
As in Aspiditmf adventitious buds are developed at the bases of the 
petioles. Only one leaf is unfolded each 

FOLIAR GAP y®^^ branch of the rhizome. It 

unfolds in the spring of the third year after 
beginning its development. I'he leaves are 
separated by long iiiternodes. The rachis 
is branched. In some ferns adventitious 
buds are developed on the upper surface of 
tlic lamina. I’hey may separate, strike 
root, and form new plants. 

§ 4. Structure of the Bhizome. 

— Fig. 190, B, represents a transverse 
section of the rliizome. It shows a 
series of vascular bundles arranged 
in a ring. The ground-tissue is 
chiefly parenchymatous, but there is 
a hypodermal band of sclerenchyma. 
LEAF-BUNDLES In the ground-tissue outside the ring 
Fig. 191 .— paut op thk there is a number of small bundles 

Vascuiar System of As- . j. x i 

I’iwuM niHSECTED OUT. passing out to lJi 6 Icaves. 

Fig. 191 shows a portion of the 
vascular system isolated. The bundles of the ring fuse at 
intervals and form a cylindrical network surrounding the 
pith. The meshes of the network correspond to the 
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insertion of the close-set leaves, and are therefore called 
the foliar gaps. Tlie bundles passing out to the leaves 
are given off as branches from the edges of the foliar gaps. 
There is no secondary growth. 

§ 5. Structure of the Bundle. — The outline of the 
bundle in transverse section (Fig. 192) is more or less 
oval or elliptical. In the middle is a mass of wood or 

OUTER 

ENDODERMIS 

inner 

ENDODERMIS 

- PERICYCLE 
FROTOPHLOEM 
' SIEVE TUBES 
XYLEM 

PARENCHYMA 
TRACHEIDES 


PROTOXYLEM 

Fig. 102.— Bundlk of Aspidium. 
(Tmnsvonio section.) 



xylem consisting chiefly of long slender scalariforni tra- 
cheides (Fig. 193) and small-celled xylem-parencliyma 
containing starch. The bundle, according to its size, may 
have one, two, or three small protozylem groups. These 
consist of small spiral tracheides. Frequently one is found 
at each end of the xylem. 

The xylem is surrounded by the phloem. This consists 
of a layer of sieve-tubes with associated parenchymatous 
cells (phloem-parenchyma), and, outside this, a narrow 
irregular layer of small fibrous cells, the protophloem. 
In longitudinal sections the sieve-tubes are seen to con- 
sist of narrow elongated pointed cells with albuminous 
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contents. The sieve-tubes contain no starch; numerous 
sieve‘])lat€s are present on their lateral walls only ; there 
are no companion-celh. These points are charactt^risti^ of 
ferns. 


-PITS. 



Fig. 193.— SCALAWIPORM TuACHK- 
iDEs OP Ferns. 


A, B, Small portions of trachcides 
in surface- view ; C, portion of 
the wall in longitudihul section 
tt = tonis of bordered pit. 


Outside the protophloeni are 
the pericycle and bnudle- 
■slieath. Typically each of 
these consists of a single layer 
(Fig. 195) ; but in Aspidium 
and other ferns, the bundle- 
sheath is double round the 
gi’eater part of the bundle (Fig. 
192). The cells of the peri- 
cycle and inner layer of the 
bundle-sheath contain starch 
and are called the phloem-sheath. 


The outer layer of the bundle- 
sheath consists of thickened cells and presents the charac- 


ters typical of an endodermis. Where the bundle-sheath 
is a single layer the pericycle constitutes the phloem-sheath. 


§ 6. The Stelar System in Ferns. — The rliizornc of Aspidium 
and of most ferns is polystelic. The origin of the “polystelio” 
(dietyostelic) condition in Ferns from a primitive protostelic con- 
dition has been described on p. 101. The young jjrimary stem is 
protostelic even in feins where the older stem shows a typical poly- 
stelic arrangement, and during its growth the stem, in such ferns, 
passes through a siphonostelic or solenostelic stage (sec x». 101). In 
some slender stems, more especially in ferns adapted to moist con- 
ditions (e.g. Hynxmophyllum), the protostelic condition is main- 
tained ; and in o^er ferns, usually the more in'imitive forms, the 
amplification of ^e stele docs not pass beyond the formation of a 
siphonostele or solenostele. 

It is not probable, however, that the elaboration of stelar. tissue 
has always followed exactly the same course. Sometimes, as in the 
Bracken Fern (Fig. 194), two series of bundles are developed ; and 
in a few cases there are three. 

Leaf -trace bundles given off from a proto’stele, or from the more 
primitive forms of six)honostele, Are typically single strands ; but in 
polystelic forms the leaf-trace has undergone amplification similar 
to that of the stele of the stem, and has been resolved into a number 
of strands. This is the probable origin of the numerous leaf-trace 
bundles given off from the edges of the foliar gaps in ferns like 
Aspidium. 
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§ 7. In tho Bracken Fern (Figs. 194, 195) there are two series 
of bundles, between wliich lie two stout bands of sclerenchyma. 
The outer bundles are more 


numerous, but smaller. The 
hypodermal sclerenchyma 
does not form a continuous 
band ; it is interrupted on 
each side of the rhizome, and 
at these points the parenchy- 
matous ground-tissue reaches 
the epidermis. It is in this 
way that provision is made 
for the transference of oxygen 
to the more deeply situated 
tissues. A regular C 3 dindri- 
cal network of bundles is 
usually not found in ferns 
with donsiventral rhizomes 
(Bracken, etc.). The leaves 
arc few in number, and the 
foliar gaps are very much 
elongated. Thus tho bundles 
form long, irregular strands, 
intervals. 


PARENCHYMA 



PERIPH. SCLEf?ENCHYMA 

Fig. 104.— Riiizomk of Prsiiis. 
(Diag»*aimiiatic tranyvei-se section.) 


which fuse only at considerable 



Fig. 195. -Bundlk op thb Rhizome op Ptehis, 
(Trans verso section.) 


In the Bracken the pitted ends of the large wide traoheides are 
perforated so that they communicate with each other. For this 
reason the wood-elements are oalled vessels. This is exceptional 
amongst Vascular Cryptogams; 
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§ 8. Structure and Development of the Root. — The 

root of ferns is proiostelicy and the stele is diarch (see 
p. 124). Tho.pericycle and endodermis are single layers of 
thin-walled cells. In the older parts of the root the corti- 
cal tissue immediately outside the endodermis is usually 
strongly lignified, and forms a stout strengthening sheath. 
The outer cortical tissue is parenchymatous. The outer- 
most layer is the piliferous layer, or epiblema. There is 
no secondary growth. 

Lateral branch-roots, while tliey are endogenous in origin, 
are not developed, as in Flowering Plants, from the peri- 
cycle, but from the endodermis. They arise opposite the 
protoxylcm. These root-producing cells of the endodermis 
are called rhizogenic cells. In the same way the adven- 
titious roots developed from the rhizome or petiole take 
their origin in rhizogenic cells of the endodermis investing 
a bundle. 

§ 9. Apex of Rhizome and Root (Fig. 196). — At the 
apex of the rhizome thei’e is, as in Flowering Plants, a 



A, liliizuiuc ; n, llooi. (Diagrammatic longitudinal sections. 

mass of meristematic tissue. An important difference, 
however, must be noticed. In the Fern there is at the 
extreme apex one very large distinct cell from which all 
the tissues are produced. This is the apical cell. There 
is no such single cell in Flowering Plants. 
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In the rhizomes of most ferns (e.g. Aspidium) this cell 
is bounded by four walls — three flat walls meeting in a 
point below, and a curved wall closing in thp cell on top. 
The cell, therefore, is tetrahedral in form, its apex being 
directed inwards. Segments are cut off, in succession, 
parallel to the flat walls. After the formation of each 
segment, the apical cell increases to its original size. The 
segments are indicated in the figure. There are no seg- 
ments cut off parallel to the curved wall in the rhizome. 

In ferns with distinctly dorsiventral rhizomes (e.g. 
Bracken) there is a two-sided instead of a three-sided 
apical cell, and there are, therefore, only two instead of 
thi'ee series of segments. 

The segments cut off undergo division, and thus the 
tissues of the rhizome are produced. The first division 
is into inner and outer halves (Pig. 196, a). The tissue 
formed by division of the outer halves corresponds to 
periblem and gives rise to the cortical ground tissue. All 
the vascular strands make their appearance in the tissue 
which is formed from the inner halves, and which corre- 
sponds to plerome. The layer of ground-tissue immediately 
surrounding each vascular strand forms an endodermis. 
It is evident that there is no distinct dermatogen layer ; 
the outermost layer of tissue is specialised to form the 
protective external covering, the “ epidermis ** of the 
rhizome. 

In the root, also, there is a single apical cell. It lies 
just behind the root-cap. In all cases it is three-sided. 
The segments cut off parallel to the flat walls divide in the 
same way as in the rhizome; here also the inner halves 
of the segments constitute the plerome, from which the 
vascular cylinder is developed. The onto halves may be 
called the periblem. Segments are also cut off parallel to 
the cuiwed wall, and give rise to the tissue of the root-cap. 
These segments represent the dermatogen, and the root- 
cap is as usual to be regarded as a many-layered epidermis. 
The tissue of the root-cap does not persist behind the 
apex — hence, the piliferous layer is the outermost layer of 
cortical tissue. The endodermis represents the innermost 
layer of cortical tissue. 
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§ 10. Structure and Development of the Leaf. — The 

leaf is developed exogenously from a single superficial cell 
of the growling point. This cell persists at the apex of the 
leaf as a two-sided apical cell until an adult condition is 
reached. A number of vascular strands enter the petiole 
from the rhizome (Pigs. 190 b, 191). These branch out 
into the pinnae, where they maintain their concentric 
structure ; but in the pinnules they break up into bundles 
which are more or less collateral. As is usual in shade- 
loving plants the palisade and spongy layers of mesophyll 
are not very sharply differentiated, and the ordinary 
epidermal cells have chloroplasts. Stomata are confined 
to the lower surface of the leaf. 


§ 11. Sporangia and Spores. — Early in the summer a 
numl^r of structures called sori appear on the under sur- 
face of the pinnules of the leaves. These are at first of 
a light green colour, but when 


1_,-INDU$IUM 

PLACENTA 


older they become dark brown 
(Fig. 197). They are developed 
immediately over the veins. 

If a young sorus be carefully 
removed and examined with a lens, 
it will be found to consist of a 
collection of very small stalked 
bodies called sporangia which are 
covered over and protected by a 
horse-shoe-shaped scale called the 


Fig.i 97 .-rmNDi,KOFAsri. iadnsium. The sporangia and 
DiuM BKAuiNo soRi. indusliun are both developed on 

The induBiumhaB been r^noved a little CUshion of tisSUe, the nla- 
from one placenta, the in'duBiuui - - j . j* 1 i ^ 

and sporangia from another. conta, lormeu. immediately over 

a vein. The relative position of 
these various parts is clearly shown in Fig. 198, which 


represents a transverse section of a pinnule passing 
through a sorus. In some, ferns in which the sori 


are arranged as in Aspidium there is no indusium. A 
sorus, therefore, may be described as a collection of spor- 
angia developed on a placenta, either with or without an 
indusium. 
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The fully formed sporangium (Fig. 199) is a small 
structure consisting of a tiny capsule borne oii a slender 


•ALISADE MESOPHYLL / VEIN 



Fig. 108.— Spouangia of Asfidium. 
(Transvense uoction through a piuinile ami hovus.) 


ANNULUS 


multicellular stalk. The stalk in Aspidium often bears a 
little glandular cell (Fig. 198), the function of which is 
doubtful. The capsule is biconvex, and 
its wall consists of a single layer of cells. 

The cells are small and thin-walled ex- 
cept round the edge of the capsule, 
where they are large, specially thick- 
ened, and cutinised. This specialised 
layer, which, however, is incomplete on 
one side, is called the annulus. 

Inside the capsule lies a loose powdery 
substance which on examination is found 
to consist of extremely small reproduc- 
tive bodies called spores. Typically 
sixty-four of ttese are produced inside 
each capsule ; but there are usually only 
forty-eight in Aspiditim, A sporan- 
gium, therefore, is a reproductive organ containing spores. 
The spore, which is of a brown colour and irregular or 
somewhat triangular in shape (Fig. 199), is a single cell 



Fig. 1 99.— Sporangium 
AND SpORK UF FkRN. 
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consisting of protoplasm and nucleus invested by a wall 
which is differentiated into two layers or coats. The inner 
layer, called rtlie endosporiumt is thin, and consists of 
cellulose; the outer, called the exosporium, is thickened 
and cutiiiised. 

Fteris (Fig. 200). — The sporangia and spores have the same 

structure and appearance 
as in AApidium, except 
that no glandular cell is 
developed on the stalk of 
the sporangium. The 
sporangia, however, are 
d i Ifcre i \ tly arranged. In- 
stead of being grouped 
together in small sori, 
they are developed in a 
continuous series on a 
placenta running along 
the under margin of the 
pinnule. In other words, 
there is a continuous 
linear sorus. On the 
inner side of the placenta 
in the common Bracken 
(not in all species of 
Fteris) there is a delicate 
membrane of a yellow colour, representing a true membranous 
indusium. The margin of the pinnule also, by bending over, serves 
to protect the sporangia, and is termed a /(dse indusium. Between 
the sporangia are epidermal outgrowths (luiirs) called paraphyses. 



Fig. 200.— SrouANQiA or Ptkiii.s. 

A, Two fertile pinnules ; 13, Transverse section 
of pinnule. 


§ 12. Development of the Sporangium (Fig. 201). — 
The sporangium ie developed from a single epidermal cell 
of the placenta. The cell in question grows out and forms 
a little protuberance, which is cut off by a wall. It is 
then divided transversely into two cells (a). The lower 
cell, by further longitudinal and transvgrse divisions, 
develops into the stalk. 

The upper cell produces the capsule. First of all (b) a 
series of outer cells is divided off from a large central 
tetrahedral cell by four walls resembling those bounding 
the apical cell of the rhizome, i,e, three flat and one curved 
(only two of the flat walls can be shown in the figure). 
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The outer cells, by fhrther divisions at right angles to the 
surface, form the single-layered wall of the sporangium. 

The tetrahedral 
cell is called the 
archesporinm. It 
undergoes division 
by walls formed 
parallel to the first 
set (c). The outer 
cells so cut off un- 
dergo further divi- 
sion, and are called 
tapetal cells. The 
remaining central 
cell is the archespor- 
ium pro2ier; by re- 
peated cell-division 
it produces, typi- 
cally, sixteen spore- 
mother-cells (d). These separate from each other, and, 
owing to the disorganisation of the tapetal cells, float 
freely in a fluid filling the cavity enclosed by the spor- 
angium wall. 

The nucleus of each mother-cell divides karyokinetically 
into two, and these two divide again, so that four nuclei 
are formed. Then cell-walls are laid down between the 
nuclei, and thus the mother-cell is divided into four cells, 
called the “ special mother-cells,'^ in each of which a spore 
is formed by rejuvenescence (p. 45). The protoplasmic 
contents of each special mother-cell form a cell- wall which 
is differentiated into exosporium and endosporium. The 
walls of the special mother-cells are disorganised and 
the spores lie free in the cavity of the sporangium. 
The developing spores are partly nourished by the fluid 
fonned by the breaking down of the tapetal cells, and 
food-materials are conveyed to them through the stalk of 
the sporangium. 

During development some of the cells of the wall of the 
sporangium are specialised to form the annulus. The 
archesporium may be defined as the meristematic cell or 


WALL VARCHESPOI^. 



Fig. 201.— Development of the Sp >ranoium of 
THE Fern. 
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cells (single cell in the Fem) which are found in a develop- 
ing sporangium and give rise to the spores. 

§ 13. The Sporophyll. — A leaf bearing sporangia is 
called a sporophyll. In most ferns the sporophylls more 
or less resemble the ordinary foliage leaves (Aspidium and 
Pteris). They are simply leaves which function both as 
vegetative and reproductive organs. In some ferns, how- 
ever, the sporophylls differ considerably from the foliage 
leaves (e.g. Osnmnda regalls, the Eoyal Fern) ; but there 
is never a specialised reproductive shoot distinct from the 
ordinary vegetative one (see p. 8). 

§ 14. Germination of the Spore (Fig. 202). — ^When 
the sporangium is ripe, the cells of the annulus become 



Fig. 202 .— Germination ok Si'Ore and Dbvki.opment of Pkothallus of Fern. 

t9 

dry, contract, and thus put a strain on the thin part of 
the edge of the capsule. The latter bursts open at this 
point, the stomium (Fig. 199), and the spores are set free. 

If a spore falls in a suitable soil, it germinates. For 
germination a supply of oxygen and sufficient warmth and 
moisture are required. When these conditions are ful- 
filled the exosporium is ruptured, and the endosporium 
grows out into a short tube. From this a colourless hair 
resembling a root-hair, and called a root-hair, arises, and 
passes down into the soil. The tube (germ-tube) elon- 



THE VASCULAR CRYPTOGAMS OB PTEEIDOPHTTA. 349 

% 

gates, and forms at first a short filament divided into cells 
bj a series of parallel transverse divisions (Fig. 202, a). 
After that, diyisions arc formed in the other two planes, 
and a small green flat plate of tissue is produced. This, in 
early stages, grows by means of a two-sided apical cell (b), 
but later by a group of meristematic cells. Owing to tlie 
more rapid growth of the marginal cells the plate eventu- 
ally becomes more or less heart-shaped. The structure 
thus developed is called the prothallus or lyrothallium (c). 

§ 15. The prothallus is a very small flat plate of 
tissue, measuring only one-fourth or one-third of an inch 
across. It consists of rounded parenchymatous cells, con- 
taining numerous chloroplasts. Towards the margin it 
consists of a single layer, but in the central region it is 
thickened, owing to the division of its cells parallel to the 
surface. This thickened region is called the cushion. 
Long, brown, unicellular root-hairs (also called rhizoids) 
are developed from the cells of the under surface, and pass 
down into the soil. 

It will be recognised that the prothallus is an indepen- 
dent plant. By means of its chlorophyll it can assimilate 
the carbon dioxide of the atmosphere, and by the aid of 
its root-hairs it absorbs nutritive salts from the soil. It 
is a distinct self-sustaining plant, whose vegetative body is 
a thallus (p. 7). Owing to its thinness gases can pene- 
trate to all parts with relative ease, and hence no stomata 
are developed upon it. 

§ 16. The Sexual Beproductive Organs (Fig. 202, o) 
are produced on the under surface of the prothallus — the 
antheridia, or male sexual organs, on the posterior region, 
the archegonia, or female sexual organs, on the cushion 
in the anterior region near the notch of the heart-shaped 
prothallus. The antheridia are developed first. 

The antheridium (Fig. 203, c) is a spherical capsule, the 
wall of which consists of a single layer of cells containing 
chloroplasts.* Inside are a number of small cells called 

* In some forms the antheridium has a short unicellular stalk. 
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sper]natoc3rtes, or spermatozoid mother-cells, each of 
'wliich gives rise to a male sexual cell, or gamete, the sper- 
matozoid (or aniherozoid). 

The archegmimm (Fig. 204, e) is a flask-shaped organ, 
consisting of two parts : (a) a swollen basal portion, the 

venter, completely 
sunk in the tissue 
of the prothallus ; 
(h) a more slender 
portion called the 
neck, projecting 
freely from the sur- 
face. The venter 
contains a single 
large ovum, or egg- 
cell, which has no 
cell- wall. The neck 
consists of four 
longitudinal rows 
of cells surround- 
ing a central canal, 
which is at first closed at the apex, and which leads down 
into the venter. The neck is not straight, but bends so 
as to face towards the antheridia. At the junction of the 
venter and the neck-canal there is another smaller nucle- 
ated protoplast, the ventral canal-cell, and the canal of 
the neck itself is filled with a protoplasmic mass contain- 
ing several nuclei, which is called the neck-canal-cell. 

§ 17. Development. — ^The antheridium (Fig. 203) is 
developed from a^^ingle cell of the prothallus. The cell 
grows out to form a papilla-like outgrowth, which is cut 
off by a cell-wall. It increases in size, and two ring- 
shaped cells and a lid-cell, forming the wall, are marked 
off form a central cell in which the spermatocytes are 
formed. 

The archegonium also is developed from a single cell 
(Fig. 204, A-p). This cell divides into three. The basal 
cell (b) forms a portion of the tissue surrounding the base 
of the archegonium. The outermost cell (b) is divided 



Fig. 203. — Dkvelopmknt oi Antheridium > 
Feun. 
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by two walls at right angles (only one can be shown in the 
figure) into four cells. These undergo further transverse 
divisions to form the four longitudinal rows of the neck 
(c-p). The protoplasm of the central cell (b) pushes its 


NECK NECK CANAL CELL 



Fig. 204 . — Devkijjpmknt of Arcjiikoonium ok Fkhn 


way between the neck-cells, and a small portion is cut off 
as the neck-canal-cell (c). The remainder of the proto- 
plasm of the central cell undergoes division to form the 
oosphere and the ventral canal-cell (b). The cavity of the 
venter of the archegonium is partly lined by prothallus cells. 

§ 18. Fertilisation (see p. 45). — ^When mature, the 
antheridium bursts open at the apex owing to absorp- 
tion of water by the two ring-shaped cells forming the 
wall and the consequent pressure exerted by them on the 
contents of the antheridium (Fig. 203, n). The sperma- 
tozoid mother-cells are thus set free and the spermatozoids 
escape from them. 
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Each spermatozoid is a spimlly coiled body bearing 
towards its slender anterior end a number of fine proto- 
plasmic vihra^ile threads called cilia. The greater part 
of the spermatozoid is formed from the nucleus of the 
mother-cell (spermatocyte), but the protoplasm of the 
mother-cell forms the ciliated region together with a little 
vesicle, containing starch grains, which remains for some 
time attached to the posterior end of the spermatozoid. 

The spermatozoids move about in the water by means 
of their cilia. Sooner or later they come into the neigh- 
bourhood of archegonia. When an archegonium is ripe the 
two canal-cells are disorganised and give rise to a mucila- 
ginous substance which oozes out of the neck of the arche- 
gonium (Fig. 204, f). This substance contains malic acid, 
which attracts the spermatozoids (chemiotaxis — see p. 213). 
They cluster round the neck of the archegonium, and, 
finally, one enters the canal and passes down to the venter. 
It penetrates the oosphere and its nucleus fuses with that 
of the oosphere (cf. Angiosperm, p. 267). The fertilised 
oosphere forms a cell-wall and is then called the oospore. 

Although the prothallus bears as a rule both kinds of 
sexual organs, and is therefore hermaphrodite (p. 222), 
cross-fertilisation generally takes place, the spennatozoids 
developed on one prothallus passing to the archegonia of 
• another. This is necessary because antheridia and arche- 
gonia are not developed simultaneously on a prothallus 
(cf. dichogamy, p. 259). Sometimes, in badly nourished 
prothalli, only antheridia are developed. 

§ 19. Development of the Young Fern-Plant (Figs. 
205, 206). — The odfepore begins to divide or segment, and 
this process of segmentation leads finally to the develop- 
ment of an embryo. The first division-wall is nearly par- 
allel to the long axis of the archegonium. It is called the 
basal wall, and divides the oospore into anterior or epi- 
basal and posterior or hypobasal halves. A second w^l, 
the transverse or quadrant wall, at right angles to the 
basal wall, divides the oospore into upper (superior) and 
lower (inferior) halves. The oospore now consists of four 
cells (quadrants). Then a median or octant wall at right 
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angles to tlie first two divisions divides the oospore into 
right and left halves. The oospore now consists of eight 
cells or octants (Fig. 205). 

Of the two superior an- 
terior octants one becomes 
the apical initial cell of the 
primary stem, the other 
takes no special part in the 
development. The two in- 
ferior anterior octants give 
rise to the first leaf or 
cotyledon. Of the two in- 
ferior hypobasal octants, one 
becomes the apical cell of 
the primary root : it is 
diagonally opposite the cell 
which produces the primary 
stem. The two superior hypobasal octants give rise to an 
embryonic organ called the foot. This is a massive struc- 
ture which absorbs nourishment from the prothallus for 
the developing embryo, till the latter can assimilate food- 
material for itself. 


SUPERIOR Superior 
EPIBASAL HYPOBASAL 



Fig. 205.— SnaMBNTATION OP THE 
OosrORB OK Fkhn. 

The arrow points anteriorly. (Dia- 
grammatic.) 


PROTHALLUS 



LEAF 


Am '' - ROOT HAIR 

VS 

UNFERTILIZED 

ARCHEGV 

ROOT 


VASC. STRAND 
Pig. 206. — Embryo of Fern attached to Prothallus. 
(Longitudinal section.) 


Further cell-division, of course, takes place in the oc- 
tants marking out the plerome of root and stem. The 
primary stem and cotyledon break forth from the under 
surface of the prothallus, then bend upwards, make their 
way through the notch of the prothallus and come above 
BOT. 23 
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ground, where they become green.* New leaves are deve- 
loped, and gradually the stem becomes the rhizome of the 
fern-plant. The primary root is not persistent. At a 
very early period its place is taken by adventitious roots 
developed from the stem and leaf-bases (cf. Monocoty- 
ledons) . 

As a rule only one embryo is formed on a prothallus, 
which then dies. In some ferns, however, the prothallus 
has a longer life, and may reproduce itself vegetatively by 
means of branches, or little outgrowths of meristematic 
tissue called gemmae. 

§ 20. Sporop]i 3 rte and Gametophyte, — Alternation 
of Generations. — It will be noticed that in tlie life-history 
of the Fern there are really two plants to be considered. 
These are spoken of as the two stages or generations of the 
life-cycle. There is first the feni-plant, so called because 
it is % far the more conspicuous of the two. It is spoken 
of as the sporophyte or asexual generation, because it 
is the generation which bears the asexual reproductive 
organs, sporangia and spores. Tlien there is the prothallus, 
which is called the gametophyte or sexual generation, be- 
cause it is the generation which bears the sexual reproduc- 
tive organs and the sexual cells or gametes (the ovum and 
spermatozoid). 

Now it will be seen that a young sporophyte is not 
derived directly by a sexual process from the parent sporo- 
phyte, for a gametophyte generation is interposed between 
them. In the life-cycle there is an alternation of sporo- 
phyte and gametophyte. This is spoken of as the alter- 
nation of gexierations. The student must observe this 
phenomenon very carefully, as it is exhibited by all the 
higher plants (Mosses, Vascular Cryptogams, and Phane- 
rogams) in some form or other. We have explained it in 
connection with the Fern because it is most clearly exhib- 
ited in the group of the Vascular Cryptogams, but it will 
be shown later (Chapter XV.) that it is present also in 
a modified form in Flowering Plants. 

* The cotyledons of many ferns are able to turn green in darkness. 
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§ 21. Nnm'ber of CHromosomes. — It has been found in various 
plants examined that the number of chromosomes in the nuclei of 
the cells of the sporophyte is double tlie number found in those of 
the gametophyte. The doubling of the chromosomes takes place 
at the time of fertilisation ; the reduction to the number character- 
istic of the gametophyte is effected at the division of the spore 
mother-cells (see p. 44). It is believed that this constitutes an 
important cytological distinction between the two stages in the 
life-cycle. 

§ 22. The Beprodnetive Processes, — It will be 
noticed that both sporophyte and gametophyte begin their 
development from a single cell, the young sporophyte from 
an oospore formed as the result of a sexual process (fusion 
of gametes), the gametophyte from a spore formed 
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Fig. 207. — Life-histouy of Fern graphically represented. 


asexually. This is characteristic of sporophyte and game- 
tophyte wherever there is alternation of generations, the 
reproductive bodies formed in the one generation giving 
rise to the other. In the life-cycle of the Fern, then, there 
is an alternation of generations, and asexual spore-repro- 
duction forms an integral part of it. 

Vegetative reproduction is very clearly distinguished. 
It has no share in the alternation of generations, and 
simply lengthens the life-cycle, either at the sporophyte 
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stage or at the gametophyte stage, i.e. either generation 
may directly and indefinitely reproduce itself by vegetative 
methods, without the intervention of the other generation. 
These points may be illustrated and the general life-history 
shown graphically in the form of a diagram (Fig. 207). 

§ 23. Apogamy and Apospory. — While the reproduction of 
sporophyte and gametophyte is usually effected as above described, 
there are in some ferns exceptional cases where either (a) the spore 
stage, or (6) the sexual process is, as it were, cut out of the life-cycle. 
The former condition is called apo&pory ; the latter apoyamy (see 
p. 271). 

Various grades of apospory exist : (1) the formation of spores may 
be suppressed and the prothalli may develop directly from tlie young 
sporangia; (2) prothalli may develop from the placentas in the 
place of sporangia ; (3) they may develop vegetatively from any 
portion of the frond, witliout any indications of the formation of sori, 
sporangia or spores. 

In apogamy tlic young sporophyte may arise directly as a bud 
from the tissue of the prothallus without the intervention of sexual 
organs. This is vegetative apogamy. Or it may be developed 
from the unfertilised oosphere. This is parthenogenesis or partheno- 
genetic apogamy (see p. 271). It will be noticed that these con- 
ditions tend to shorten the life-cycle, and to replace ordinary 
spore-reproduction or sexual reproduction by a kind of vegetative 
reproduction. 

It has also been found that the prothalli of a few cultivated 
ferns may actually produce normal sporangia containing fertile 
spores, and thus reproduce themselves by asexual means. The spores 
on germination produce the usual prothalli, which may ultimately 
give rise to a sexually produced fern plant. By such means as these 
the asexual generation may be suppressed for one or more life-cycles, 
which latter may subsequently resume their normal succession. 


B. Eqtjisbtum. 

§ 24. General Structure. — Equisetum is the only re- 
maining genus of a large group of plants which were well 
represented in earlier periods of the earth’s history. 
There are 26 species, of which 9 are British. 

The plant which we call the Horse-tail is the sporo- 
phyte. It consists of a branching horizontal rhizome giving 
off aerial shoots and numerous adventitious roots. The 
leaves borne on the aerial shoots are small and scaly. 
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They are arranged in whorls, and in each whorl are fused 
together to form a sheath, which invests tlie base of the 
internode above. Whorls of axillary branches 
may be produced at the nodes. In the stem 
there is a central air space, and outside this a 
ring of collateral bundles. 

The sporophylls are produced at the 
apices of the aerial shoots. They are free 
and have the form of stalked peltate discs 
(Fig. 208), which are closely packed together 
in whorls, so that a cone-like mass is formed 
at the apex of the shoot. The lowest whorl 
is sterile and forms a collar-like structure 
known as the ring (Fig. 208). This speciali- 
sation and aggregation of sporophylls should 
be carefully noticed. The reproductive re- 
gion of the shoot is quite distinct from the 
vegetative portion (see p. 8). 

Each sporophyll lias on its under surface 
a group of sporangia containing spores. 

The sporangium as a whole is developed from 
a group of cells, although all the essential 
parts are derived from a single superficial 
cell. After the wall of the sporangium and 
the tapetal layers have been formed a single 
large archesporial cell remains, which 
divides to form spores. The sporangium has 
no annulus. 

The sporangiferous “ spikes,” as the cone- 
like structures of Equisetum are called, are 
borne either at the apices of ordinary vegetative shoots, 
or, in some species, on special fertile or reproductive 
shoots which resemble the others except that they are 
unbranched and contain little or no chlorophyll. 


Ill' 



STALK 

Fig. 208. — Equi- 

SETUM. 

A, Ajiex of fertile 
Hhoot ; B, A 
Sporophyll. 


§ 25. General Life-history. — The spores are all of 
one kind, Equisetum, like the Fern, being homosporous. 
When the spores fall to the ground and germinate, how- 
ever, they usually give rise to prothalli of two kinds. 
Some of the spores produce prothalli bewng antheridia 



368 THE VASCULAR CRYPTOGAMS OR PTERIDOPHYTA. 


only ; others produce prothalli bearing arcliegonia only. 
The student will remember we have an indication of the 
same thing ‘occasionally in the Fern (p. 362). It has 
become the rule in Equisetnm. The differentiation of sex 
has, as it were, been carried back from the sexual organs 
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Pig. 209.— Life-history of Equisetum aRAriiicAU.Y represented. 


(antheridia and arcliegonia) to the structures bearing these 
sexual organs, so that we may now speak of male and 
female prothalli. 

The prothalli are unisexual, and the gametophyte is 
represented by two plants. They are more or less lobed 
structures and as a rule the male prothalli are much smaller 
than the female ones. In other characters they resemble 
those of the Fefh, as do also the sexual organs. Fertilisa- 
tion is effected and an embryo sporophyte developed in 
much the same way. The life-history may be graphically 
represented as in Fig. 209. 


C. Selaginella. 

§ 26. General Characters (Fig. 210). — ^The plant is 
the sporophyte. The external vegetative characters vary 
considerablv in the different species, which number over 
three hundred, and of which only one is a native of Britain 
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— namely, 8. spinosa. Many species are small, moss-like 
plants, with creeping stem and dorsi ventral symmetry. 
Others are larger, and more or less erect and isobilatei'al. 
In the single British species, while the main stem is creep- 
ing, the branches are erect and have radial symmetry. Some 
foreign species are climbing plants, often growing to a great 
height. 

The slender stem usually bears four rows of leaves — two 
rows of small dorsal leaves on the upper surface, two of 
larger ventral leaves at the sides of the stem. The arrange- 
ment of tlie leaves seems to be opposite and decussate, one 
large and one small leaf apparently arising at each node. 
The leaves, however, are 
somewhat twisted, and 
close examination shows 
that each leaf arises from 
its own node, the dorsal 
leaf being slightly above 
the opposite ventral one. 

In the single British 
species all the leaves are 
of the same size and the 
spiral arrangement is im- 
mediately obvious. In 
all the species a small 
membranous lignle is de- 
veloped on the upper sur- 
face of the leaf at its 
base. 

The branches are de- 
veloped from lateral buds which become visible near to 
the apex of the stem, but since they develop almost as 
rapidly and as strongly as it does, the branching assumes 
a dichotomous appearance. The branching is not axillary, 
and the branches all lie in one plane. 

The roots in some species are developed adventitiously 
on the stem ; in other species they are borne on peculiar 
specialised branches, called rhisophores. These organs 
are intermediate in structure and development between 
roots and stems. Like stems, they have no root-cap, and 



Fig. 210.— Selaoinella Helvetica. 
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are developed exogenously; they resemble true roots in 
internal structure and in the fact that they hear no leaves 
or reproductire organs. We may infer, however, that they 
are specialised stem-branches from the fact tliat occasionally 
they are found to develop into ordinary shoots. 

The rhizophores, when present, are given off from the 
lower surface of the stem, one from below each point where 
an ordinary branch arises. They grow down to the surface 
of the soil without branching, but on reaching the soil 
give rise, by endogenous development, to a number of true 
roots. 

The reproductive organs (Figs. 210, 212) are produced 
at certain periods towards the apices of fertile or repro- 
ductive shoots. These reproductive shoots are more or less 
erect, and, in nearly all the species, bear spirally arranged 
sporophylls, which do not differ very markedly from the 
ordinary foliage leaves. 

The reproductive organs are sporangia and spores. 
One sporangium is developed in the axil of each leaf of the 
reproductive shoot. The sporangia are of two kinds, 
megasporangia and microsporangia, each of the former 
containing usually four large megaspores, each of the 
latter a large number of small microspores. Thus Sela- 
ginella is heterosporous. The same sporangiferous “ spike ** 
usually bears both kinds, the microsporangia in the axils 
of the upper leaves, the megasporangia in the axils of the 
lower, although this is not always the case, for the mega- 
sporangia may occur in the middle of the spike. 

There is no special vegetative propagation. 

ft 

§ 27. Stem (Fig. 211). — In some species there is a single 
apical cell as in the Fern ; in others, a group of two or 
three initial cells which by their divisions give rise to the 
tissue of the stem. This may be regarded as an inter- 
mediate condition between the single apical cell of the 
Fern and the small-celled meristem, showing dermatogen, 
periblem, and plerome, which is characteristic of Flower- 
ing Plants. 

In some species the stem is jprotostelic ; in most species 
jpolystelic, with two or three bimdles. Each bundle is 
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suspended in tlie middle of a large air-space by a number 
of delicate trabeculae, wliicli represent the stretched endo- 
derniis. These often have silica deposited upAn them in the 
form of irregular plates, or annular deposits (Fig. 211, s). 
The bundle is concentric. The central wood, or xylem, 
consists of slender scalariform tracheides. According to 
the species one, two, or a number of protoxylem groups 
can be distinguished. 



EPIDERMIS 

CORTEX 

--AIR-SPACE 
-ENDODERMIS 
- PERICYCLE 
''' PHLOEM 
XYLEM 

'protoxylem 


Fig. 211.— Stem of Selauinella Spinosa. 
(Transvei’se section.) 


In 8. spinosa tlie protostele of the lower part of the stem 
has a single central protoxylem, i.e, it is endarch and mon- 
arch] but, higher up, the protoxylem divides into from 
three to eight groups, which pass to the periphery of the 
xylem so that the stele becomes exarch and poly arch (Fig. 
211, and cf. roots, p. 122). This exarch arrangement of 
xylem m stems is found only in the group of vascular 
cryptogams to which SelagineUa belongs. 

The phloem consists of thin-walled elongated cells, 
representing the sieve-tubes of higher types. The sieve- 
plates are lateral. Outside the phloem is a pericyde, 
consisting of either one or two layers of cells. The peri- 
cycle, however, in SelagineUa is derived from the same layer 
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of ground-tissue as the endodermis. There is no secondary 
growth. 

The grouixd-tissue of the stem consists of compara- 
tively thin-walled, more or less prosenchymatous cells, 
without intercellular spaces (thin-walled prosenchyma, 
p. 48). The epidermis also consists of elongated pointed 
cells, and has no stomata. 

§ 28. The Leaf is entire, and has a very simple struc- 
ture. Each of the epidermal cells contains a single large 
chloroplast. Stomata are usually confined to the lower 
surface. The ground-tissue (mesophyll) is not clearly 
differentiated into palisade and spongy layers. A single 
vascular strand runs through it. This strand is concentric. 
The central xylem is surrounded by a layer of phloem, 

outside which is an endo- 
dermis. In some species 
longitudinal air-spaces 
are found in the meso- 
phyll. 

§ 29. Bhizophore 
and Boot are both pro- 
tostelic, and agree in in- 
ternal structure. The 
stele is mon-arch. The 
root grows by a single 
apical cell ; the rhizo- 
phore may have a single 
cell or a group of cells, 
according to the species, 
like the stem. 

§ 30. Sporangia and 
Spores (Eig. 212). — ^The sporangium consists of a capsule 
borne on a short, stout stalk' The wall of the capsule 
consists of two layers of cells, and has no annulus. The 
megasporangium is somewhat larger than the microspor- 
angium. The spores as usual have two coats — endo- 
sporium and exosporium, the latter being cuticularised. 


MEGASPORANGIUM 
\ MICROSPORANQIUM 



Fig. 212. — Part of “ Sporangiferous 
Spike ” of Sklaoinella. 
(Longitudinal section.) 
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A large amount of food substance is stored up inside the 
megaspore, consisting chiefly of oil. Owing to the fact 
that the spores are developed by tetrahedra? division (see 
below) they are pointed at one end. 

§ 31. Development of Sporangium (Fig. 213). — The 
sporangium is developed from a group of meristematic cells. 
It is first seen as a little papilla-like outgrowth in the axil 
of a young leaf, close to the apex of the sporangiferous 
shoot. The outermost layer forms the wall of the sporan- 
gium. But at an early stage beneath this outermost layer 
a row of large cells can be recognised, and this is the 
archesporium. 

The archesporial cells by division form a tapetal layer 
towards the apex of the papilla. In the lower part of the 
developing sporangium the tapetum is formed from the 
cells surrounding the 
archesporium. Then 
the archesporium, by 
repeated division, 
gives rise to spore 
mother- cells, as in 
the Fern. 

So far the develop- 
ment of both mega- 
and micro-sporangia 
is the same, but from 
this point differences 
are observed. In the 
microsporangium the 
mother-cells separate 
from each other, and float freely in a nutritive fluid formed 
by the disorganisation of the tapetal cells. Then in each 
mother-cell four special mother-cells are formed, and each 
of these gives rise to a microspore in the same way as in 
the Fern. The microspores are tetrahedrally arranged; 
they are not formed in the same plane. In the mega- 
sporangium one of the mother-cells increases in size, and 
produces four megaspores in the same way as a mother- 
cell produces microspores. The other mother-cells are 
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Fig. 213 .— Selahinella. Development ok 
Sporangium. 

In A only one archesporial coll is shown. 
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disorganised and serve as nounshment to the developing 
niegaspores. 

At an early** stage in development the outermost layer of 
the papilla divides into two, so that the wall of the sporan- 
gium is double. The stalk of the sporangium is formed by 
division and growth of cells at the base of the original 
papilla. One layer of tapetal cells persists, so that the wall 
seems to consist of three layers. 

§ 82. Germination of the Spores — Frothalli and 
Sexual Organs. — The germination of the megaspore begins 
before it is set free from the sporangium. The nucleus of 
the spore divides into two. One daughter-nucleus passes 
to the apex or pointed region of the spore, the other to the 
basal region. 

A process of free cell-formation then begins. It is most 
active in the apical region, and there results in the produc- 
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Fig. 214.— Female Prothallub of Selaoinella. 

(Longitudinal section.) An old stage, .showing two developing embiyos. 

tioh of a tiny mass of small-celled tissue. In the lower 
region the process is much less active, and actual cell- 
formation may not take place there till after the spore has 
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fallen to the ground. The cells formed in this region are 
larger and filled with food-material. 

The megasporangium ruptures near the apex by a trans- 
verse slit, and the spores fall to the ground? The mega- 
spore ruptures at the apex by a triradiate fissure which 
exposes the small-celled tissue immediately underneath. 
On this an archegoninm is developed, and others are 
formed later if fertilisation is not effected. 

It is evident that the tissue formed as described, in the 
megaspore is the female prothallus (Pig. 214). It pro- 
trudes slightly, turns green in the presence of light, and 
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Fig. 215 .— Young Archkoonium 
OF Sklaoinklla. 


Pig. 216 .— Gkrmination of 
Microspouk of Selaginklla. 


may even develop one or two root-hairs, but it is not set 
free from the spore as an independent plant, like the 
prothallus of the Pern or of E<piUetum, It is nourished 
by the food-material stored up in the spore. This reduc- 
tion of the female prothallus to a minute and practically 
dependent structure should be carefully noticed. 

The structure and development of the archegonium 
(Pig. 215) are practically the same as in the Pern. The 
only difference is that the neck is shorter, consisting of 
only eight cells ; each of the four longitudinal rows of the 
neck consists of onlj^ two cells. 

The microsporangium is ruptured in the same way as 
the megasporangium, and the microspores fall to the 
ground and germinate. The microspore increases in size, 
and a small cell is cut off at the pointed end (Pig. 216). 
Then the rest of the spore divides into ten or twelve cells, 
eight peripheral cells surrounding either two or four 
central cells (according to the species). The central cells 
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undergo further division, and the small cells thus pro- 
duced are the mother-cells of spermatozoids. In each a 
hiciliate spermatozoid is formed in exactly the same way 
as in the Feiii. 

The small cell first cut off represents an extremely rudi- 
mentary male prothallns, and may be called the prothallus- 
cell. The eight peripheral cells represent the wall of an 
antheridinm, inside which the spermatozoids are pro- 
duced. The extreme reduction of the male prothallus is 
of great interest, and is correlated with the small size of 
the microspore. The megaspores remain large because of 
the necessity of providing nourishment for the young 
sporoph 3 rte, and owing to this fact they are able to pro- 
duce a number of recognisable archegonia. 

During the course of the above development the exospo- 
rium is ruptured. Later the peripheral cells undergo dis- 
organisation and nourish the spermatozoid mother-ceUs. 
Eventually the spermatozoids are set free. 



A— SUSPENSOR 


§ 33. Fertilisation and Development of Dmbryo 

(Figs. 217, 214, 218). — The process of fertilisation is 
essentially the same as in the Fern and Equisetum. A 
spermatozoid enters the ovum and 
fuses with it, the male and female 
nuclei amalgamating into one. 
The oospore which is thus formed 
segments and develops into an 
embryo sporophyte. 

The first dividing wall is at 
right angles to the axis of the 
archegonium. It divides the oo- 
spore into upper and lower cells. 
The upper cell either remains unicellular or undergoes 
only a few divisions, the resulting structure being called 
the suspensor. The function of the suspensor is to push 
the developing embryo down into the tissue of the prothal- 
lus ; there is no structure corresponding to it in the Fern. 

The segmentation of the lower or emlyryonic cell is com- 
parable to that of the whole oospore in the Fern. It is 
divided by basal, quadrant, and octant walls, formed 
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somewhat irregularly, into eight cells (octants) forming 
apical (or epibasal) and basal (hypobasal) tiers of four 
cells eacli. From the apical tier are formed the stem and 
the two cotyledons ; the hypobasal tier giv^s rise to the 
hypocotyl. In some species (not in 8. s^pinosa) tlie hypo- 
cotyl becomes enlarged and forms a massive haustorium 



Fig. 218. — Embryo ok Ski.aoinki.la., 
(ljongitiulin:i1 Hcotion.) 


or absorbing organ known as the foot or “ feeder.*' The 
first root is adventitious and is developed from the hypo- 
cotyl close to the suspensor. 

The development of the embryo in Selaginella should be 
carefully compared with that of the Fern (p. 352), and also 
with that of the Angiosperm (p. 268). 

The developing embryo grows down into the lower part 
of the prothallus; the foot absorbs the food-material. 
Eventually the stem and cotyledons escape from the spore 
and grow above ground, while the first and other adven- 
titious roots pass down into the soil. 

§ 34. The Life-history may be graphically represented 
as in Fig. 219. The following important points should be 
noticed. In the first place the differentiation of sex has 
been carried back another stage. We not only have two 
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kinds of protlialli, as in Equisetum, but these prothalli are 
developed from spores of quite different appearance. The 
student will now have some perception of the origin of the 
heterosporous condition in plants. In the second place, 
the reduction of the male and female prothalli, i.e. the 
gaihetopliyte, lias to be noticed. In Selaginella the game- 



tophyte, so far as nourishment is concerned, is not inde- 
pendent of the sporophyte. 

The life-histories of Fern, Equisetvm, and Selaginella 
should be very cSrefully compared. While there are many 
differences, by reason of which these three types are placed 
in different classes of the Vascular Cryptogams, the student 
will recognise that the general course of the life-history is 
very similar. In all three there is a more or less distinct 
alternation of generations, and equivalent or homologous 
structures occur at the same points in the life-histoiy. 
The graphical life-liistories which have been given will 
enable the student to grasp more readily the more im- 
portant homologies discernible. 
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The degeneration of the gametophyte does not cease at 
this point, but is continued so far, that in Flowering 
Plants the entire sexual stage is included in the spore, and 
the microspores (pollen-grains) and megaspores (embryo- 
sacs) become practically sexual bodies from a physiological 
point of view (see Chap. XVI.). 

D. Lycopodium. 


§ 35. General Characters. — The genus Lycopodium (Club- 
moss), inoluding about 100 species, belongs to the same class of 
Pteridophyta as Selacfinella, 

Most of the species are small 
plants, but some attain a height 
of 4 or 5 feet ; many tropical 
species are epiphytic. The five 
British species are all found on 
hills and exhibit marked xero- 
phytio characters. The com- 
monest are L. clavatum, the 
common Club-moss (Stag’s-horn 
Moss) and L. selago. 

The plant (Pig. 220) is the 
sporophyte. In its general ap- 

? earance it resembles Selagindta, 

'he firm slender stems, which 
may be either erect (.//. selago) 
or trailing (L. clavatum), are 
completely covered with small 
stifl:' leaves, usually arranged 
spirally. The leaves have no 
ligiUe. In some species the 
branching of the stem is dicho- 
tomous ; in others it is really 
lateral although it resembles di- 
chotomy. The roots are ad- 
ventitious and dichotomously 
branched. 

In the stem there is a central 
catUine vascular cylinder (pro- 
tostele). The arrangement of 
vascular tissue differs in differ- 
ent species, but usually there are 
a number of rays or plates of 
xylem with intervening or inter- 
penetrating rays or plates of phloem (Pig. 221). The protoxylem 
and prot^hloem, as in Sdaginellay are external (exarch arrange- 
ment). There is oonjunotive tissue between the xylem and 
BOT. 24 



Pig. 220. — A, Part of Lycopodium clava- 

tuvit BIIOWINO STEM, LEAVES, ROOTS, 
AND SPORANQIFEROUB BPIKKB *, B, A 
BPOROPHYLL AND SPORANGIUM IN 
BURFAOB VIEW. 
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phloem, and the whole vascular cylinder is surrounded by a peri- 
cycle and endodermis, both apparently derived from the cortex. 
The vascular cylinder of the root is similar to that of the stem. 
The leaves hsl^e a single median concentric bundle. Root and 
stem are both developed from a group of apical cells. 
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Fig. 221.— Tran8V1!:r:9K Section or Stem ok Lycopodium nnnotinum. 
(Ditigitimniatic.) 


§ 36. Sporangia and Spores (Fig. 220). — Lycoj)odium homo- 
eporom. The sporangia are borne singly, not in the axils of the 
leaves, but on their upper surfaces near the base. In some species, 
e.g. L, sdagOy the stems show alternating barren and fertile 
region's ; the sporophylls are not aggregated or specialised in any 
way and resemble the sterile leaves. In other species, e.g. L, 
clavatumf the sporophylls are borne in § ** spikes” on special 
branches, and differ in shape from the foliage leaves. 

The sporangium: is developed, as in Sdagindla^ from a group of 
cells, and when ^pe contains a large number of small tetrahedral 
spores. J 


§ 37. The Oametophyte. — The spores on germination produce 

prothalli which, though small, are the largest and most complex 
found in the Vascular Cryptogams. In L, clavatum and other 
species they are tuberous, more or less conical, subterranean bodies, 
which have no chlorophyll and Uve saprophytically by means of an 
endophytic mycorhiza. In other species (e.g. L, aelago) only the 
lower subterranean part of the prothallus has this character ; the 
upper part reaches the surface of the soil, develops chlorophyll, 
and becomes more or less lobed. The prothalli are monoecious and 
bear both archegonia and antheridia similar to those of SeUigirMa, 
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§ 38. Tlie Exnbryogeny. — ^The early stages of development 
are the same as in Selaginella (p. 366). The hypobasal tier of cells 
gives rise to the haustorium or foot, which may remain small ( L, 
selago), or, if the prothallus is deeply buried, maj^ be strongly 
developed {L. clavatum). From the a])ical tier of cells are deve- 
loped the stem, cotyledon, hypocotyl, and first root. In a few 
species (e.g. L, clavatum) there are apparently two cotyledons. 
The first root is adventitious and in some species developed 
exogenously. 

§ 39. Notes on the Xiife-history. — Lycopodium differs markedly 
from Sdagindla in being homosporous. The fact, liowever, that 
the two genera resemble each other in many respects, by reason of 
which they are placed in the same group of Vascular Cryptogams, 
indicates that this difference is not of first-rate importance from 
the point of view of classification. This conclusion is borne out by 
a general study of the Vascular Cryptogams, both living and fossil, 
which has shown that while the homosporous condition is un- 
doubtedly the more primitive, the heterosporous condition has 
originated independently in different groups during the course of 
ovolutfon. 

The life-history of Lycopodium also illustrates the fact that in 
homosporous types tike gametophyte is well developed. The 
reduction of prothalli, which we have studied in connection with 
Sdagindla^ is associated with the evolution of the heterosporous 
condition. 



CHAPTER XV. 

THE GYMNOSPBEMS. 

§ 1. General. — The Gymnospemious Flowering Plants 
are not so highly di:fferentiated as the Angiosperms, and 
in many respects resemble the Vascular Cryptogams, 
forming as it were an intermediate group. They are 
large plants, either shrubs or trees, and include the 
Cycads, the Conifers, and a small group, the Gnetacefis, 
whose affinities are doubtful, but which seem to approach 
nearer to the Angiosperms. 

Like the Angiosperms, the reproductive organs of the 
Gymnosperms are aggregated to form flowers, which differ 
markedly, however, from the flowers of the Angiosperms 
in the fact that when carpels are present the ovules are 
borne freely exposed on their upper surfaces. Tlie carpels 
are not closed up to form ovary, style, and stigma. Hence 
the name Gyvinosperm (Gr. yvfivos, naked, (nrcpfjLa, a 
seed).* The flowers are always unisexual ; the plants 
usually monoecious, sometimes dioecious (Yew, Juniper, 
Cycads). 

The most important group of the Gymnosperms is that 
of the Conifers or cone-b^iing trees, so called because 
their flowers i]^^ially have the characteristic form known 
as cones. Our woods and shrubberies contain many 
familiar examples, such as the Pines, Firs, Larches, Yews, 
Spruces, Cypresses, Junipers, Araucarias, etc. They are 
mostly evergreens, and as, in addition to this, they usually 
live in poor or sandy soil, they exhibit marked xerophytic 
characters. The true Pine# constitute the genus Finns, 
many species of which are grown in Britain, but only one 
is native, viz. Finns sylvestris, the Scots Pine, familiarly 

* Angiosperm from Gr. ayy os, a vessel, arrspiia, a seed. 
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known as the Scots Fir. The only other native Gymno- 
sperms are the Yew and the Juniper. 

The Conifers are natives of temperate j*egions; the 
Cycads are tropical or sub-tropical plants. 

A. PiNirs Sylvbstris. 

§ 2. External Characters of Finns. — The full-grown 
plant is a large tree. Typically it has an elongated tap- 



Fig. 222.— Branch of Pinus 8,vlvestris out in May. 
Most of the older dwarf -shoots and foliage leaves removed. 


root; but frequently the lateral roots are strongly de- 
veloped and the primary root is comparatively short. The 
main stem is cylindrical and covered with a rugged scaly 
bark. Secondary growth takes place in the same way as 
in Dicotyledons, and hence the stem tapers towards the 
apex. 
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The branches are formed in apparent whorls from 
lateral buds developed on each parent axis. These are 
formed in hhe axils of scale-leaves, at the end of each 
year’s growth. This regular development of branches 
gives the tree a very symmetrical appearance, which is, 
however, frequently spoilt owing to the loss of many of 
the branches. In addition to the ordinary branches, 
which, as they grow indefinitely, are called shoots of un- 
limited grotvth, there are numerous dwarf* shoots or shoots 
of limited groivth (Fig. 222). These also arise in the axils 
of brown scale-leaves borne on the main branches. 

The leaves are of two kinds : — (a) the scale-leaves 
just mentioned, which are the only ones borne on the 
shoots of unlimited growth, and which are also present 
on the dwarf-shoots ; (h) green acicnlar foliage leaves, 
popularly called § ** needles,^ which occur solely upon the 
dwarf-shoots ; they are not borne directly on the shoots of 
unlimited growth. 

The dwarf-shoots, with their clusters of green leaves, 
are called ** spurs,^' The number of green leaves in each 
cluster varies according to the species of Finns, In 
P. sylvestris there are two, and the dwarf-shoots together 
with their leaves are termed bifoliar spurs.” These per- 
sist for a number of years, so that the tree is an evergreen. 
When they fall off, as they eventually do, it is the dwarf- 
shoots which are shed, and the leaves fall with them. 

Finns has no power of vegetative reproduction. 

The presence of a tap-root is characteristic of Gymnosperms. 
Many, e.g. Picea,<the Spruce, have leaves and shoots of one kind 
only. The branching is axillary, but buds are not formed in the 
axils of all the leaves. No buds are formed in the axils of the foliage 
leaves of Pinua, 


§ 3. Structure of the Stem. — ^In the general arrange- 

ment of tissues the stem of the Conifer closely resembles 
that of the Dicotyledon. It is eustelic (p. 102). At the 
apex there is a small-celled meristem, in which, however, 
there is no dermatogen distinct from periblem; cOrtex 
and epidermis originate from a common layer (periblem). 
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The bundles in the primary condition (Fig. 223) are 
common, conjoint, collateral, and open, and form a ring in 



mis, which is the in- 
nermost layer of cortical cells. The primary bundles have 
therefore no pericyclic sclerenchyma or hard bast. 

Large resin-passages are present in the cortex, each 
surrounded by a layer of glandular secreting epithelial 
cells. As the transverse section of the young stem cuts 
through the bases of the dwarf-shoots its outline is ir- 
regular. A somewhat lignified hypodermal layer may be 
recognised in the outer cortex. 

Secondary growth is effected in exactly the same way 
as in Dicotyledons (pp. 103-109), the cambium ring giving 
rise to secondary wood and phloem, and the phellogen to 
cork and bark. The phellogen or cork-cambium originates 
in the cortical tissue near the surface, though not in the 
outermost layer, and, later, there is a repeated formation 
of tangential lines of phellogen cutting off strips of scaly 
bark (p. 109). 

§ 4. The Tissues of the Stem (Figs. 224-226).— The 
close resemblance to Dicotyledons will be recognised. The 
differences, however, are considerable, the vascular tissues 
especially being of simpler character. The wood or nylem 
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_ PHLOEM 
PARENCHYMA 


-SIEVE TUBES 


has no true vessels, but consists of traclieides (cf. V. Cryp- 
togams) with very typical bordered pits. The proto- 

zylem consists of annular 
and spiral tracheides. Small 
resin -passages are present 
in the primary and second- 
ary wood, each with its 
lining epithelial layer. The 
phloem consists of sieve- 
tubes and phloem parenchy- 
ma ; there are no companion 
cells (cf. V. Cryptogams). 
The sieve-tubes consist of 
elongated, more or less 
pointed (prosenchymatous) 
cells, with lateral sieve- 
plates on the radial walls. 

The structure of the me- 
dullary raySi however, is 
more complex than that of 
Dicotyledons ( Figs. 225, 
226). The rays in the 
secondary wood consist 
partly of cells containing 
starch, partly of tracheides 
running radially. These 
tracheides allow for the rad- 
ial diffusion of watery fluids 
through the wood, and thus 



RAY 

BORDERED 

PIT 


Fig.[224.— Stem of Pinus. 
Portion of a tranBverso section after 
secondary growtii. 


make 

In the second 


up for the want of 
im the rays con- 


wood-parenchyma. in tne seconaary pnioem tne rayi 
sist partly of starch-containing cells, partly of cells with 
albuminous contents. The medullary rays vary much in 
size ; the smallest are only two cells high and one cell wide. 


Fics. 224-226 show transverse snd longitudinal sections of the 
wood. A radial longitudinal section runs parallel to the medullary 
rays in the region in which it is taken, while a tangential longi- 
tudinal section outs across them. This will explain the difference 
in the appearance of the medullary rays in the two seotions (Figs. 
226, 226). ® . 
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The differences in the appearance of the bordered pits are due to 
the fact that the tracheides are four-sided, two of the sides being 
approximately radial and two tangential, and that the bordered 



Fig. 225.-— Radial Longitudinal Section of Stem of Pinus. 
The section is taken at the junction of secondaiy wotxi and phloem. 


pits are confined to the radial walls. Thus, in radial section, the 
radial walls are not cut through and the pits are seen in surface 
view ; while in tangential section the radial walls are out through 
and the pits are seen in section (Fig. 226). 

§ 6. The Boot. — The growth and general arrangement 
resembles that of Dicotyledons. The apical meristem 
shows periblem and plerome layers, but there is no derma- 
togen layer, the root-cap and piliferous layer being derived 
from the periblem. In Finns there are from two to six 
Y-shaped zylem bundles, and an equal number of phloem 
bundles alternating with them ; there is a resin-passage 
between the arms of each Y, and a pith may be present. 
The arrangement, however, is not characteristic of Conifers 
as a class. In most cases the stele is di-arch (or tri-arch), 
and a pith is absent. 
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In Gymnosperm roots the pericycle consists of several 
layers, but there is a single-layered endodermis. Second- 
ary growth takes place 
as in the roots of Dico- 
tyledons. The phellogen 
originates in the outer- 
most layer of the peri- 
cycle. The wood and 
phloem have the same 
structure as in the stem. 
Lateral roots are de- 
veloped from the second 
layer of the pericycle; 
the outermost layer 
covering them helps in 
the formation of the di- 
gestive sac which enables 
them to burrow outwards 
through the cortex. The 
roots of Finns have a 
mycorhiza, and root-hairs 
are scantily developed. 

§ 6. The Leaf. — Fig. 227 shows a transverse section of 
the foliage leaf. The epidermis consists of extremely 
thick-walled cells with a strong cuticle. Stomata are 
developed all over its surface. The guard-cells are sunk 
beneath the level of the epidermis, so that there is an 
outer cavity leading down to the stoma. Beneath the 
epidermis there i^ a fibrous sclerenchymatous hypodermis 
interrupted beneath the stomata. 

The parenchymatous mesophyll is not differentiated 
into palisade and spongy layers ; it consists of thin- walled 
cells, whose walls show numerous peg-like infoldings of 
cellulose projecting into their cavities. The presence of 
these is probably connected with the feeble development 
of air spaces in the leaf, for they increase the internal 
surface of the cell-wall, and hence also the excreting and 
absorbing surface of the protoplasm. The cells contain 
numerous chloroplasts and starch-grains. In the meso- 



- BORDERED PIT 


TRACrtEIDAL 

CELLS 

STARCH CELLS 
OF MED. RAY 


Fig. 226.— -Skcondauy Wood of Pinus. 
Portion of a tangential longitudinal Huction. 
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phyll, immediately under the hypodermis, are a number 
of resin-passages, each with a thin-walled epithelial layer 
and an investing strengthening layer of sclerenchyma. 

In the middle of the leaf there is a conspicuous endo- 
dermis surrounding a many-layered pericycle, in which 
two vascular bun&es are imbedded. The bundles and 
pericyle constitute a meristele (p. 102). The bundles are 
collateral, the xylem facing towards the flat upper surface. 


STOMA 



EPIDERMIS 
HYPODERMIS 

THIN-WALLED 
: MESOPHYLL 

ENDODERMIS 

• PERICYCLE 

‘ XYLEM 
' PHLOEM 
FIBRES OF 
PERICYCLE 


Fig. 227.— Transverse section of Leap of Tinus. 


In addition to ordinary parenchymatous cells the peri- 
cycle contains cells of two kinds: — (a) parenchymatous 
cells, rich in protoplasm, proteid, and starch, and called 
albuminous cells ; (6) cells with bordered pits and no con- 
tents, resembling tracheides and called tracheidal cells. 
This peculiar tissue is called transfusion-tissue. It is 
characteristic of the leaves of Gymnosperms. It helps in 
the transference of nutritive solutions, and thus makes up 
for the poor development of vascular tissue. The trachei- 
dal cells serve for the passage of inorganic solutions from 
the xylem to the mesophyll ; the other cells for the diffu- 
sion of elaborated compounds from the mesophyll to the 
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phloem. In addition to the transfusion-tissue, a number 
of fibres are developed in the pericycle near the bundles. 

The narrovj; acicular form of the leaves, their thick cuticle, 
the sunken stomata, the presence of a strong hypodermis, 
the simple vascular system, are marked xerophytic charac- 
ters, all tending to reduce transpiration to a minimum. 


§ 7. The Male Flowers 

year — about the beginning 
produced in the axils of 
scale-leaves at the bases 
of the developing shoots 
of the same year, but not 
on all the shoots. They 
form a spike at the base 
of the shoot, and the latter, 
as it continues to grow, 
develops ordinary dwarf- 
shoots in the axils of the 
upper scales. In other 
words, the male flowers 
are produced at the base 
of the shoot in place of 
dwarf-shoots, and are 
homologous with them. 

Each male flower (Fig. 
228) consists of a some- 
what elongated axis which 
corresponds to the thala- 
mus, and whicl^ bears a 
number of spirally ar- 
ranged scaly leaves. On 
the under side of each 


(Fig. 222) appear early in the 
or middle of May. They are 


STAMEN POLLEN SAC 
/ AXIS ; 



Pig. 228.— Malb Flower of Pinus. 

A, Part of a median lorigitudiDal section 
(diagrammatic); U, Sbimen (under 
surface) ; C, Pollen-grain (two-celled 
stage, highly magnified). 


scale two pollen-sacs are developed and these are filled 
with pollen-grains. The scales of the male flower, 
therefore, are stamens. The pollen-grains are at first 
unicellular bodies with exosporium or exine, and endo- 
sporium or intine (p. 237). On each side of the pollen- 
grain the exosporium is inflated with air, forming two 
balloon-like expansions (Fig. 228, c). 
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The male flowers differ from the flowers of Angiosperms 
in that (a) the axis which corresponds to the thalamus is 
elongated, (b) the stamens are less highly differentiated, 
showing no distinction 


into filament and anther, 
(c) there are two instead 
of four pollen-sacs. It 
should also be noticed 
that the essential organs 
only are present. There 
is no perianth, but a few 
sterile scales occur at 
the base of the male 
flower. 

Most Conifers have male 
flowers like those of Piiiua, 
The number of pollen-sacs, 
however, differs in different 
types. 


MICROPYLE 



Fig. 229. — Young Fkmai.e Conk of Pinus. 
(Part of a longitudinal section ; 
diagi’amniatic.) 


APOPHYSIS 


OVULIF. SCALE 


§ 8 . The Female 
Flowers, or cones (Fig. 

222), are developed later- 
ally in the axils of scale- 
leaves at the apices of the young elongated shoots. They 
are usually borne on shoots which do not bear male 

flowers, and take the place of 
shoots of unlimited growth. 
There may be from one to four 
on each shoot. 

The female flower (Figs. 229, 
230), if examined at this early 
period, is found to be a small, 
reddish structure consisting of 
a stout central axis, bearing 
scales of two kinds : — (a) small 
scales arranged spirally and de- 
veloped directly on the axis; 
these are called the bract- or 
cover-scales ; (b) rather stouter scales developed one on 



/ CARPEL SCALE 
OVULE 

Fig. 280 .-— Scales of Female 
Cone. 

Prom above and below (Carpel* 
scale = cover-scale). 
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the upper surface of each bract-scale ; these are called 
ovnliferons scales, because each bears two ovules on its 
upper surface. As the ovules afterwards give rise to seeds, 
the ovuliferous scales are also called ‘‘ seminiferous scales.” 
Each bears at its apex a little protuberance called the 
apophysis. 

To compare this with the Angiosperm, the so-called 
bract-scale is regarded as equivalent to (i.e. the homologue 
of) a carpel, and should, therefore, be called a carpellary 
scale; while the ovuliferous scale is a large placenta. 
Here again the elongated axis should be noticed. The 
most important point of difference, however, is that the 
carpels do not assume the form of a closed ovary, with a 
style and stigma. 

The female cones of the Spruce and Larch closely resemble those 
of Pinua. In the Larch the bract-scales are considerably larger. 
In the Cypress and the “Tree of Life” (Arbor vitae) the scales 
(carpels) of the female cone do not bear ovuliferous scales : a number 
of ovules are borne directly on the surface of the scales, which are 
arranged, not spirally, but in opposite decussate pairs. 

There are other views entertained with regard to the homologies 
of the female cone of Pimia. The bract-scale by some is regarded 
as really a bract ; and the ovuliferous scale with the two ovules, as 
a female flower of a very rudimentary type. According to this 
view the female cone would be, not a single flower, but an inflo- 
rescence. 

§ 9. Structure of the Ovule (Fig. 229). — In the young 
female cone just described, the ovule consists of a small- 
celled mass of tissue, the nucellus, surrounded by a single 
integument. Towards the base of the nucellus, one large 
cell is developed^^alled the embryo-sac-cell, homologous 
with the embryo-sac of the Angiosperm. There is a wide 
gaping micropyle directed towards the axis of the cone. 

§ 10. Comparison with Vascular Cryptogams. — 

Having explained in the preceding sections the homologies 
between Pinus and the Angiosperm, we may now make 
the connecting link in the other direction by giving the 
homologies which can be recognised between Pinus and 
the. Vascular Cryptogams. 
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They may be stated briefly thus : — 

(a) The plant (Finns) is the sporophyte. 

(b) Pollen-grain = microspot^e ; 

Pollen-sac = microsporangium ; 

Stamen = microsporophyll ; 

(c) Embryo-sac-cell = megaspore ; 

Ovule = megasporangium ; 

Carpel (bract-scale) = megasporophylL 

These homologies should be very carefully noticed. In 
the description of the flowers of Pinus either set of terms 
may be used. The terms pollen-grain, pollen-sac, etc., 
were given to these structures before their homologies 
were revealed by a study of their development and 
position in the life-history, and by a careful comparison 
with such types as Selaginella. 

The student must clearly comprehend that tlie recogni- 
tion of homologies is based on a comparative study of 
development. To emphasise this we sliall now describe 
the development of pollen-sac and ovule in Pmus ; it will 
be found to be essentially similar to the development of 
micro- and mega-sporangia of Selaginella, 

§ 11. Development of Pollen-Sac and Ovule. — The 

pollen-sac is developed from a group of cells (cf . Eguisetum 
and Selaginella) on the under surface of the young stamen. 
The wall of the pollen-sac is formed from the superficial or 
epidermal layer; it remains single. Several hypodermal 
cells, forming the arcbesporium, begin to divide rapidly. 
Tapetal cells are segmented from them towards the wall 
of the pollen-sac, and the remaining central portion 
forms a mass of pollen- or spore-mother-cells. Each 
mother-cell gives rise, exactly as in Selaginella, to four 
microspores or pollen-grains. The pollen-grain has the 
structure of a spore; its outer coat corresponds to the 
exosporium, its inner one to the endosporium. The 
tapetal cells are disorganised during the development of 
th^pollen-grains. 

~he ovule arises as a small cellular protuberance on the 
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upper surface of the young placenta. It increases in size 
and becomes the nucellus. The single integument arises 
from the base of the nucellus and gradually invests in. At 
the apex of the young nucellus a single hypodermal cell, 
the archesporium, can be recognised. This begins to 
divide and forms tapetal cells towards the apex of the 
nucellus. The archesporium proper remains unicellular, 
and owing to continued division of the overlying tapetal 
and nucellus cells it comes to lie near the base of the 
nucellus. It eventually divides into four cells (tetrad 
division), and one of the resulting cells becomes the 
embryo-sac-cell or megaspore. The only point to be 
noticed here is that there is only one spore-mother-cell 
and only one megaspore develops. 

The nucellus is probably equivalent to the proper wall 
of the megasporangium. The integument is by many 
regarded as of the nature of an indusium (cf. the Fern), 
in this case surrounding a single sporangium; it is not 
represented in Selaginella, 

§ 12. Pollination, — ^As in Angiosperms, the pollen- 
grains or microspores have to be transferred to the neigh- 
bourhood of the embryo-sac or inegaspore. In Pinue this 
is effected by means of the wind, the transference being 
facilitated by the balloon-like expansions of the exosporium 
already described. Finns, therefore, is anemophilous. 

Pollination takes place towards the end of May or 
beginning of June. At this period the scales of the 
female cone open out, and separate from each other. 
Much of the pc^leu is wasted, but some of the grains are 
blown between 'the scales of the female cone and fall near 
the ovules. A mucilaginous secretion is given out from 
the micropyle. In this the pollen-grains are entangled, 
and, as the mucilage dries up, they are drawn down the 
micropyle and finally come to rest on the apex of the 
nucellus. In the G-ymnosperms pollination consists in 
the transference of the pollen-grains, not to a stigma as 
in Angiosperms, but directly to the surface of the 
nucellus. The scales of the female cone close up after 
pollination. 
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§ 13. Male Gametophyte. — If the pollen-grain is really 
a inicrospore we should find it giving rise on germination 
to something equivalent to a male prothallas. At first 
the pollen-grain is unicellular. Even before it leaves the 
pollen-sac division begins, and it is completed on the 

PROTHALLUS CELLS 



Fig. 231.— STAQua m the Germination ok the Pollen-Grain, 

A, B, Early stages in /'iccn, the Spnice, wliei-e the antheridiiil cell divides shoitly 
after ixilliiiatioii ; C, Late stage iu Pinus. 

surface of the nucellus. Two very minute rudimentary 
cells, the prothallus-cells, are cut ofE on one side. The 
remainder then segments into a small antheridial cell 
and a large vegetative cell (Fig 231, a). 

Comparing this with the germination of the microspore 
in Selaginella, there is an obvious suggestion that the 
small prothallus-cells represent a very rudimentary or 
reduced male prothallns. The antheridial cell is so 
called because, as will presently be explained, it produces 
the male sexual cells, and is, therefore, the equivalent of 
the central cell of the antheridium of the Vascular 
Cryptogam, the male sexual cell being the equivalent or 
homologue of the spermatozoid. The male cells, however, 
BOT. 25 
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are not motile, i.e. they are not spennatozoids. The large 
undivided vegetative cell probably corresponds to the peri- 
pheral cells ‘ which form the wall of the antheridium in 
8plaginella. In Gymnosperms there are definite cellulose 
walls formed between all these cells in the pollen-grain. 

In the further germination of the pollen-grain on the 
apex of the nucellus, the exosporium bursts open and the 
large vegetative cell protrudes and elongates to form a 
slender pollen-tube (Fig. 231, b). This is not represented 
in Selaginella; its development in Phanerogams, as will 
afterwards be explained (p. 407), is an adaptation to 
entirely different conditions. The pollen-tube gi*ows down 
into the tissue of the nucellus. Its destiny will be traced 
presently. 

§ 14. Growth of Female Cone — The Female Game- 
tophyte. — At first, as we have seen, the female cone is 
comparatively small, and the ovule consists simply of the 
integument, the nucellus, and the embryo-sac-cell or 
megaspore. Although pollination is effected at this stage, 
fertilisation does not take place in Finns till about a year 
later — some time in J uiie of the second year. This, how- 
ever, is not characteristic of Gymnosperms; in most of 
them fertilisation is effected in the same year as polli- 
nation. 

In Finns, during this protracted interval between polli- 
nation and fertilisation, many important changes go on in 
the ovule and in the cone as a whole. The cone increases 
in size and becomes green. During the winter these green 
cones are founS at the apices of the shoots, just below the 
terminal winter bud. This increase in size is due to 
the enormous growth of the axis and of the ovuliferous 
scales. The carpellary scales remain small, and are com- 
pletely concealed. The growth is continued rapidly in the 
second year (Fig. 222). At the time of fertilisation the 
cones are large green structures, the rhomboidal areas on 
iEheir outer surface being the outlines of the apices of the 
ovuliferous scales. 

. Inside the ovule the embryo-sac-cell becomes much 
larger, and by free cellforrnation there is formed inside it 
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a mass of thiu-walled parenchymatous tissue. If this 
process be compared with the germination of the mega- 
spore in 8elaginella, there will be no difficulty in recognising 
that the tissue formed in the embryo-sac-cell is the femalp 
prothaUns (Fig. 232). 

Piuctically, the only important difference is that the 
megaspore in Pinus is not set free from the megaspor- 
angium, as it is in Selaginella. But even in Selaginella, 



Fig . 232.— Ovule of Pinu.s. 
(Longitudinal section— about the time of fertilisation.) 


it will be remembered, the germination^ of the megaspore 
begins inside the sporangium. 

The female prothallus in Pinus is enclosed in the 
nucellus. It has neither chlorophyll nor root-hairs. At 
its micropylar end are developed two or three archegonia. 
This completes the evidence of homology. "The arche- 
gonium consists of a venter and a short neck. Oosphere 
and ventral canat-cell are present, but there is no neck- 
canal-cell. The protoplasm of the oosphere presents % 
frothy appearance, owing to extensive vacuolation ; it has 
no cell-ww. Except that no nock-canal-cell is formed, 
the development is essentially the same as in the Fern or 
Selaginella. 
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§ 16. Fertilisation. —In the first year the growth of 
the pollen-tube is arrested after it has penetrated a short 
distance into* the nucellus. In the second year it again 
begins to groAv. Some time in April the antheridial cell 
(§13) divides into two (Fig. 231, n), a barren cell called 
the stalk-cell, and a generative cell. The protoplasmic 
contents and nuclei of the large vegetative cell, the stalk- 
cell, and the generative cell, all pass down to tlie apex of 
the pollen-tube. Before this can take place, of course, the 
intervening cell-walls must be absorbed. 

In the pollen-tube the naked generative cell divides into 
two cells, the male gametes. The pollen-tube ultimately 
I’eaches and enters an archegonium. One of the gametes 
only is concerned in the act of fertilisation. It passes from 
the pollen-tube into tlie ovum, and its nucleus together 
with a small amount of cytoplasm fuses with the nucleus 
and cytoplasm of the ovum. The fertilised ovum forms a 
cell-wall and becomes the oospore. 

§ 16. Development of Smbryo (Fig. 233). — The nucleus 
passes to the lower end of the oospore, and there, by 
repeated karyokinetic division, gives rise to four nuclei. 
These again divide, forming eight nuclei. Cell- walls are 
laid doAvn between the four basal nuclei, and by this free 
cell-formation four small cells are formed at the lower end 
of the oospore. Its upper part, with the other four (free) 
nuclei, which are afterwards disorganised, takes no share 
in the development ; it contains food-material. The deve- 
lopment, therefore, is said to be merohlastic (or partial), 
and this is chal'acteristic of Grymnosperms. In plants 
where the development is holohlastic, the whole of the oospore 
undergoes division to form the embryo. 

The four small cells are divided into four rows of cells 
by two transverse walls, each row consisting of three cells. 
These four rows begin to elongate and push their way 
downwards into the tissue of the female prothallus, which 
becomes laden with food-material and constitutes the 
endosperm. The elongation is due to the formation of a 
lo^ig unicellular snspensov by the growth of the middle 
cell of each row (2 in Pig. 233). The four ^uspensors 
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seimrate from each other. The cell borne at the "end of 
each (3 in Fig. 233) is the embryonal cell; it continues 
to divide and forms a potential embryo. ^ 

It will be noticed that four potential embryos are formed 
from each oospore.* This is an example of 2 ^olyemhryony 
(see p. 271) ; it is very characteristic of Coniferse. As more 


LOWER END OF OOSPORE 




Fig. 233. — SkOMEXTATIOS DF OoSrOllE AN1> l)KVKI.m*MKST of Emuhyo of Pl.VUS. 
Only half tlio nimiher of nuclei, cells, aiul rows of cells is, of course, shown in 
the wirly stages. 


than one oosphere may be fertilised, many potential 
embryos may be present in one ovule. Only one, however, 
develops ; the others die olf . 

The embryo which is developed consists of a primary 
root, a tiny plumule, and a number of cotyledons. The 
whole of it is derived from the embryonal mass, the sus- 
pensor taking no part in the development. 

It should be carefully noticed that the endosperm is 
simply the tissue of the female prothallus laden with food- 
material which diffuses into it from the placenta. 

* In a few Coni ferae, e,g, the Spruce, only one suspensor and one 
embryo are produced. 
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The micellar tissue is almost entirely crushed and dis- 
organised owing to the expansion of the endosperm and 
embiyo. A thin layer of it persists, and contains food- 
material, forming a small amount oi jperisj^enn (p. 272). 


§ 17. Seed and Frnit. — ^Thus, as in Angiosperms, a 
seed is formed (Fig. 234). The 
integument of the ovule becomes 
the testa. The seed contains, 
not only endosperm, but also a 
small amount of perisperm. The 
embryo is straight and lies in 
the middle of the endosperm. 
The suspensors disappear. The 
seed has a thin membranous 
wing, which assists in its dis- 
semination. The wing is de- 
rived from the surface of the 
placenta, not from the testa. 

The female cone, when it 
reaches maturity in the third 
year, is dry, brown, and woody, 
i^ie scales (placentas) gape apart 
and allow the seeds to escape. 
The cone, as a fruit, is neces- 
sarily quit^e different from Angiospermous fruits, seeing 
that there is no ovary. 



PLACENTA 


-WING 


— SEED 

-TESTA 
* ENDOSPERM 
-COTYLEDONS 

— RADICLE 


Fig. 234.— Sked ok I’inus. 

A, Siiiface view ; Ji, Longitudinal 
aectiuii. 


The fruits of most Conifers are dry, woody cones. In some, how- 
ever, the carpels become lleshy and form a berry-like fruit, in 
the Juniper. ^ 


§ 18. Germination of Seed. — Tlie cotyledons of Finns 
may become green while still enclosed in the seed-coat. 
Tliey giadually absorb the endosperm, and are epigeal, the 
seed-coat being carried by them above ground. The 
primary root passes downward and forms the tap-root 
system. The first year’s shoot, formed by the elongation 
of the plumule, has no scale-leaves or dwa^-shoots ; it has 
acicular green leaves, spirally an*anged, thus indicating what 
was probably the primitive leaf arrangement. 
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The life-history of Pinus may be graphically represented 
as in Fig. 235. 
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(SPOROPHYTE) 
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1ERE MALE 

t t 


OOSPHERE MALE CELL 


ARCHEG. ANTHERIO. 

CELL 


9 PROTH 
^PROTH. CELLS 



Fig. 23r).— liiiTs-iiisToiiY OK Pinus. 
Graphical representation. (Cf. Figs. 207, 200, 210.) 


B. The Yew, 

§ 19. General Characters. — The Yew (Taxua haccata) 
is an evergreen tree, with massive trunk and spreading 
branches, which may reach a height of 30 or 40 feet. 
During its growth branching occurs from the base, and the 
branches fuse together to Wm the compound columnar 
trunk characteristic of the tree. 

The small, narrow, dark-green leaves (Fig. 237) are 
borne singly and are closely set on opposite sides of the 
branches. 

The general internal stnicturo resembles that of Pinus ; 
but resin passages are wanting. 

The Yew is dioecious. The male and female flowers 
(Fig. 236) are developed on different trees in the axils of 
leaves of the previous year. They appear in February or 
March, and are found on the under side of the branches. 
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§ 20. The Flowers (Fig. 236). — The mate ftoiver con- 
sists of an axis bearing 6-10 stalked peltate stamens. On 
. the under side of the 

MiCROPYLE head of each stamen are 


r 


n 




MICROPYLE head of each stamen are 

EMBRYO SAC \ ^ 5-9 pollen-sacs. The pol- 

t g len-grains have no lateral 

< I expansions of the exine. 

X ^ number of 

S scale-leaves, which at first 
cover over and protect 
SCALES young stamens. 

female flower is not 
^ cone. A bud, bearing 
if/ ^ number of overlapping 

r scales, arises in tlie axil 

POLLEN SACS • ^ q£ £|jg previous 

Fig. 236 .— Flowers of Yew. year. The apex of this 

A, Male flower ; H, Single stamen seen from Undergoes nO further 

containing female flower. development; but m the 

axil of one of the upper 
scales there arises a very short lateral shoot which bears a 
few scale-leaves, and ends in a 
single ovule. Thus the female 
iTo'v^er. consists of a single ovule 
laminating a short axillary 
•t. The structure and de- 
pment of the ovule are 
sihidlar to those of Finus, 


// B 

POLLEN SACS 


Fig. 236.— Flow'ehs of Yew. 

A, Male flower ; Jl, Single stamen seen from 
below; C, liongitudinal section of bud 
containing female flower. 


§ 21. Embryo and Seed.- 

Pollination and fertilisation ai 


Pollination and fertilisation are 
effected as in Finus, but in the 
same year. Only one embryo 
imyj^eloped from the oospore. 
ilipkg development a cup- | 

• sblwte: structure grows up from 
tlMe of the ovSle (Fig 236). 

This is the aril. It Incomes 

fleshy and forms the red investment of the ripe seed. The 
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“ fruit § ** or “ berry ” of the Yew is simply a seed with an 
investing aril (Fig. 237). 


C. Cycas. 

§ 22. General Characters. — The Cycads attained an 
enormous development in the Mesozoic Period ; but there 
are now only 9 genera with about 75 species. The best 
known genus is Cycas. Cycas revoluta is the “ Sago 
Palm” of China and Japan. 

The stem of a Cycad is short and stout, either cylin- 
drical, or more or less swollen and tuberous. Branching 
sometimes occurs, especially in old plants, but is not 
common. A tap-root system is developed. At the top of 
the stem are alternating zones of foliage leaves and scale- 
leaves ; the latter protect the former in the bud condition. 
The foliage leaves are large and usually pinnate, occasion- 
ally bipinnate ; they persist for several years. The lower 
part of the stem is covered with leaf- scars. 

The stem of Cycas revoluta is cylindrical, resembling 
that of a tree-fern; the leaves are pinnate and, like the 
leaves of ferns, have circinate ptyxis. The fern- like habit 
of the plant is especially noticeable. 

In the young stem there is a ring of collateral bundles. 
Secondary growth occurs. The wood contains tracheides 
only. Mucilage ducts are characteristic of the group. 

§ 23. The Flowers are borne on different plants. The 
male flower of Cycas, as of other Cycads, is a cone borne 
terminally at the apex of the stem. The growth of tlie 
stem is continued by a lateral bud, and is therefore 
sympodial. The male cone consists of an axis bearing a 
large number of spirally arranged scales (stamens) on the 
under surface of which are numerous pollen- sacs (micro- 
sporangia) arranged in sori (Fig. 238, b). 

In all the genera except Cycas the large female cones 
are borne similarly at the apex of the female plants, each 
scale (megasporophyll or carpel) of the cone bearing two 
marginal ovules: But in Cyca^ the female flower is 
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peculiar, and gives evidence that the genus is a very 
primitive one. It consists of a rosette of pinnate sporo- 

phylls or cai*pels, developed 
in place of foliage leaves. 
The rosettes of sporophylls 
and foliage leaves alternate 
with each other as growth 
goes on. The growth of the 
axis is continued through the 
female flower. The pinnate 
sporophylls (Fig. 238, a) 
are smaller than the foliage 
leaves, have no chlorophyll, 
and are covered with hairs. 
The lower leaflets of the 
sporophyll are replaced by 
large ovules, two to eight in 
number. 

§ 24. Structure of 

Oirule. — The ovule in its 
structure and development resembles that of Finns, Only 
one embryo-sac or megaspore is developed, although the 
sporogenous cells produced from the archesporium are more 
numerous than in the Conifer®. The embryo-sac (mega- 
spore) has a single cmtinised wall (cf. the spores of Vascular 
Cryptogams). A female prothallus bearing archegonia at 
its apex is developed as in Finns, During development a 
depression or cavity known as the j^ollen-chamher is formed 
at the apex of pie nucellus. The apex of the female 
prothallus with the archegonia lies close to this, but is 
separated from the apex of the nucellus by a narrow space 
called the archegonial chamber. If fertilisation fails to 
occur endosperm may grow out of the micropyle and 
become green, 

§ 25. Pollination and Pertilpiation. — The pollen- 
grains are carried to the ovules by the wind. They are 
caught by a mucilaginous secretion from the micropyle, and, 
as this dries up, are drawn down to the pollen-chamber. 



Fig, 238. — Srouoi’HYi,i>i or Ci/can 
revoluta. A, Carpel; H, Stamex. 
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The structure and germination of the pollen- grain are 
much the same as in Finns; but there are striking 
differences in the details of fertilisation. The two male 
cells produced from the generative cell, instead of being 
motionless, are ciliated and motile; they are in fact 
sjpermaiozoids. The pollen-tube penetrates the nucellus 
and reaches the archegonial chamber. It then bursts 
and the spermatozoids, together with a drop of watery 
fluid, are set free, and make their way to the archegonia. 
The actual process of fertilisation takes place as in 
Vascular Cryptogams. The pollen-tube does not enter 
the archegonium. 

Spermatozoids have l^een found in all Cycads examined, 
and also in Ginkgo biloha, the Maiden -hair Tree of China 
and Japan, the only remaining representative of a family 
of Gymnosperms well represented in earlier times. Their 
discovery, which is recent, illustrates in the most striking 
way the accuracy of the conclusions which, on other 
evidence, had been arrived at with regard to the homologies 
between the Gymnosperms and Vascular Cryptogams. 



CHAPTER XVI. 

HOMOLOGIES IN ANGIOSPEEMS. 

§ 1. The Sporophyte in the Angiosperm. — Wc are 

now in a position to correlate the main facts in the life- 
history of the Angiosperm with those of the Vascular 
Cryptogam and Gymnosperm. From what has been said 
in the preceding chapter the following homologies will be 
evident : — 

(a) The Angiospermons plant is the sporophyte. 

(h) Stamen microsporopliyW' \ 

Pollen-sac = micro8p>orangim)i ; 

Pollen-grain = microspore. 

(c) Carpel = § ** megasporophyll ” ; 

Ovule = megasjwrangium ; 

Emhryo-sac = megaspore. 

The sporophyte in the Angiosperm is still more highly 
differentiated than that of the Gymnosperm As in the 
Gymnosperm, the sporophylls are aggregated to form 
flowers. In Angiosperm s the flowers have undergone 
extreme specialisation. In addition to the sporophylls or 
essential organs they usually have accessory structures — 
the floral envelopes or perianth — which play an important 
part in the production of seed. 

To complete the evidence of homology, we may briefly 
describe the development of pollen- sac and ovule of the 
Angiosperm. It is essentially similar to the development 
in Gym nosperms and Vascular Cryptogams. 

§ 2. Development of the Pollen-sac (Fig. 239). — The 

stamen in the Angiosperm arises as a protuberance on the 
thalamus. It consists of meristematic tissue, and soon 
shows a distinction into filament and anther. The two 
* 396 
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anther-lobes can be recognised at an early stage, and a 
procambial strand makes its appearance in the region of 
the connective. 

In each anther-lobe, two little groups of periblem cells 
lying immediately beneath the dermatogen begin to divide. 
They form usually three layers of cells underneath the 
dermatogen layer. The outermost of the three layers 
becomes the fibrous layer (p. 236) of the pollen-sac. The 


DERMATOGEN v. BUNDLE OF CONNECTIVE 



Fig. 230.— l)KVKLOI*MKNT OK POLLKN-SACS IN AnOIOSI’KIIM, 
Trausvcree buctioiiB of young antUert}, 


innennost layer consists of large granular cells and fomis 
a tapetum ; together with the intermediate layer it is 
disorganised during the development of the pollen-grains. 
The remaining cells of each meristematic group constitute 

the archesporium. 

Thus in each anther-lobe there are two archesporia. 
The tapetal layer completely suiTounds each archesporium. 
The archesporial cells divide in the usual way to form 
spore- (or pollen-) mother-cells. In Dicotyledons, the 
special mother-cells are formed in much the same way 
as in the case of the Fern (p. 347) ; but in Monocotyledons 
they are formed by ordinary cell-division, i.e. the mother- 
cell divides into two and then these two into four. The 
microspores or pollen-grains in both are formed in the 
usual manner. 


398 


HOMOLOGIES IN ANGIOSPEBMS. 


§ 3. Development of Ovule (Fig. 240). — ^Thenucellue 

arises as a tiny cellular protuberance on the placenta and 
gradually increases in size. The integuments arise, one 
after the other, as outgrowths from the base (chalaza) of 
the nucellus. This basal region also elongates to form the 
funicle. 

At an early stage the archesporium is recognised as a 
single hypodermal cell at the apex of the young nucellus. 



Fig. 240.— Development of an Anatiiopous Ovule. 
1, 2, — 1st and 2nd integuments. 


It usually divides into two — an upper tapetal cell and a 
lower cell, the archesporium. The tapetal cell may divide 
again. The archesporial cell functions as a spore-mother- 
cell; in typical cases it divides into a row of four potential 
megaspores, the" lowest of which becomes the embryo-sac 
or megaspore, the other three, called cap-cells,*' showing 
no further development. In the primitive dicotyledonous 
genus Oastuirina, however, all four become embryo-sacs. 

The embryo-sac or megaspore is at first a typical cell 
with a single nucleus ; but before fertilisation a process 
of free cell-formation takes place. The nucleus divides 
karyokinetically into two. One daughter-nucleus passes 
to the micropylar end, the other to the chalazal end of the 
embryo-sac. Each by further division gives rise to four 
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nuclei. Three of the nuclei at the micropylar end become 
surrounded by protoplasm, and form the oosphere and 
synergidte or egg-apparatus ; three at the chplazal end are 
surrounded by protoplasm and cell-walls, and form the 
antipodal ceils. A nucleus remains at each end. These 
are called j^olar nuclei \ they pass to the centre of the 
embryo-sac and fuse to form the secondary nnclens. 
The second male cell fuses with the polar nuclei or with 
the resulting secondary nucleus (p. 268). Thus the 
endosperm-nucleus is the result of “ triple fusion ** of 
nuclei. 

§ 4. The Gametophyte in the Angiosperm. — ^The 
male gametophyte is completely reduced. The vegetative 
and generative cells of the pollen-grain (p. 267) represent 
all that there is of male prothallus and antheridium. The 
vegetative cell is probably equivalent to the peripheral cells 
forming the wall of the antheridium in SelagineUa. Other- 
wise the antheridium of the Vascular Cryptogam is repre- 
sented only by a generative cell which, as in Oymnosperms 
(p. 388), divides to form two gametes, corresponding to 
the sperinatozoids. 

Remembering the process of free cell-formation which 
takes place in the megaspore of Gymnosperms and of 
SelagineUa, we must recognise that the formation of anti- 
podal cells and egg-apparatus in Angiosperms is, as it were, 
an attempt at the formation of a female ])rothallu8. The 
process, however, comes abruptly to an end. After fer- 
tilisation it is continued (see p. 271), and leads to the 
formation of the endosperm tissue. The endosperm tissue 
is the female prothallus formed after fertilisation. The 
secondary nucleus may be considered as a resting nucleus 
set apart before fertilisation to continue the formation after 
fertilisation. The antipodal cells are usually regarded as 
a rudimentary formation of prothallus tissue. The egg- 
apparatus probably represents three reduced archegonia. 
The female organs or archegonia themselves are lost, but 
their essential cells (oospheres) have persisted. Two of 
these, the synergidss, are functionless. In a few plants, 
however, one or other of the synergides may be fertilised. 
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The life-history of the Angiosperm may be represented 
as in Fig. 241. 
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Fig. 241.— LlFK-IItSTORY OF Anoiosferm orapiiiually ukprkskntkd. 


§ 6. The Flower. — ^We must now bring distinctly 
before the student the fact that the flower is simply a 
specialised reproductive shoot (see p. 8) bearing an aggre- 
gation of sporopliylls. Morphologically, the flower is not 
a structure peculiar to the Phanerogams. It has its 
morphological ec^iivalent, i,e, its homologue, amongst the 
Vascular Cryptogams, e.g, the sporangiferous heads of 
Equisetum and Selaginella, Many, indeed, have extended 
the application of the term flower to these and similar 
structures amongst the Vascular Cryptogams. On this view, 
the term Flowering Plant applied to the Phanerogam 
would be a misnomer. Others^ however, would restrict the 
term “ flower to the Phanerogams. This could be done 
by giving the following definition: — The flower is a 
specialised reproductive shoot bearing sporophylls and 
sporangia which are concerned in the production of seed. 
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The point is of small importance practically ; the important 
thing is the recognition of the morphological equivalent of 
the flower. 

§ G. The Seed. — The student should notice carefully 
that the seed is a highly specialised reproductive body 
consisting of structures representing three generations : — 
(d) the parent sporophyte, viz. the integument of the ovule 
forming the seed-coat; (h) the female gametophyte — the 
endosperm tissue; and(c) the new sporophyte in embryo. 

§ 7. Comparative Summary. — In Phanerogams, as in 
Vascular Cryptogams, there is an alternation of genera- 
tions, but it is very much less distinct. The male and 
female prothalli are even more reduced than in Selaginella, 
This extreme reduction of the gametophyte is character- 
istic of the Flowering Plants. 

More important dilferences, however, have to be noticed. 
The megasporo (embryo-sac) is not set free from the 
sporangium (ovule). Tlie female prothallus is developed 
inside the nucellus. The other dilferences are correlated 
with this. The special process of pollination is necessary 
in order to bring the microspore into the neighbourhood of 
the megaspore, and the male cell, which, except in the case 
of the more primitive types of Gymnosperm (see p. 396), 
is not a spermatozoid, but a motionless gamete, is carried 
to the neighbourhood of the ovum by a special organ, the 
pollen-tube. 

Finally, there is the most characteristic difference of all — 
the formation of a seed. This also is clearly due to the 
retention of the megaspore in the ovule. The non-forma- 
tion of a seed in Vascular Cryptogams is correlated with 
the liberation and independent germination of the spores. 
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CHAPTER XVII. 

KELATIONSHIP BETWEEN VASCULAE CEYP- 
TOGAM AND PLOWEEING PLANT. 

§ 1. Homology based on Relationship. — While study- 
ing the types discussed in the preceding pages the follow- 
ing questions have probably occurred to the mind of the 
student — What is the meaning of these homologies ? Why 
should there be such resemblances in the development and 
life-history of plants which in many other respects difEer so 
widely from each other ? The answer to these questions is 
given by the Evolution Theory, now generally accepted 
by biologists in one form or another. It explains the homo- 
logies discernible amongst the plants wo have been con- 
sidering as due to an actual relationship existing between 
them — in other words, to the fact that they are descended 
from Common ancestors. To make this clear the considera- 
tion of a few important principles is necessary. 

§ 2. Struggle for Existence. — Let the student con- 
sider how nun\iprous are the seeds produced by any one 
plant, and theri reflect that the number of individuals in 
any one species remains approximately the same from one 
year to another. Evidently very few of the seeds develop 
into mature plants. Some fail to reach a suitable soil; 
others produce seedlings which, however, are crowded out 
and killed by other and hardier plants — and so on. There 
is, evidently, a very keen struggle for existence^ in which 
those which are best fitted, or most favourably circum- 
stanced, will survive. 

• All organisms are subject to this struggle for existence, 
which is keenest between members of the same species. 

402 
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§ 3. Heredity and Variation. — It is well known that 
the characters of parents are transmitted to their offspring, 
so that the offspring resemble their parents more or less 
closely. This is the principle of heredity, 

Now if the offspring were exact copies of their parents 
and all equally vigorous, it would be a matter of chance 
which of them survived in the struggle for existence ; those 
would survive which hap;pened to be most favourably 
situated. But the offspring are not exact copies of the 
parents. As we know, they exhibit individual differences, 
some of which may appear for the first time in the history 
of the race. These characters in which offspring differ 
from their parents, or from other members of the species, 
are called variations. 

Variation, i.e, the fact that these variations do occur, 
introduces a new factor into the siruggle for existence. 
Survival is not to the same extent a matter of chance. 
Some of the variations exhibited by plants may be useful 
or advantageous, i.e. they may give the individuals pos- 
sessing them an advantage over other individuals in the 
struggle for existence by enabling them to cope better with 
the external conditions to which they are subjected. TJius 
in the struggle for existence the fittest will survive and 
their advantageous variations will tend to be transmitted 
and even intensified in their offspring. 

§ 4. natural Selection — Adaptation. — In each gene- 
ration, the influence of the external conditions, by killing 
off the weaklings, unconsciously selects, as it were, those 
which by reason of some useful variation are more fitted 
for survival. This unconscious selective process, depending 
on the struggle for existence, is constantly operating in 
nature, and has been called Natural Selection. It may be 
compared with the conscious selection by a gardener, for 
purposes of propagation, of plants showing variations which 
he wishes to intensify. 

Thus, in the evolution of plants, new characters would 
arise as small useful variations preserved by natural selec- 
tion and intensified in the course of generations. These 
characters would be suited to the environment of the plant 
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— in other words, they would he adaptive characters, other- 
wise they would not have been preserved by natural selec- 
tion. This, larj^e measure, explains the adaptation to 
environiiient wliicli is every wliere manifested by plants. 

Under cLanging conditions of environment, species which 
are incapable of appropriate adaptive variation tend to 
become extinct. 

§ 5. Origin of Species, Genera, etc. — If the student 
Las followed what has been said above lie should have no 
difficulty in realising that the forms of plants would become 
immensely modified during the lapse of long periods of 
time. Within the limits of a single species several distinct 
varieties might appear. After a still longer period the 
characters which distinguisli these varieties would be inten- 
sified and -would eventually be constantly transmitted. 
The varieties -would then be elevated to the dignity of 
species. In this way the original species would give rise 
to a grouj) of species, i.e. a genus. Similarly, the genus 
might give rise to a group of genera, forming a natural 
order j and so on. 

§ 6. Homology and Analogy. — ^While in the course 
of evolution the forms of plant members would undergo 
extensive adaptive modification, many of the general deve- 
lopmental characters of ancestral forms , more or less modified, 
would he constantly transmitted. These would he recognised 
as homologies injheir descendants. The nearer the relation- 
ship the more munerous and complete would be the homo- 
logies. In existing plants ancestral characters often have 
a purely morphological value, their original biological sig- 
nificance having been lost. On the other hand, it is 
because adaptive modification may similarly affect different 
members in different plants that we so frequently find 
examples of members which are analogous, but not homo- 
logous (see p. 18). It is evident that analogy is no indi- 
cation of relationship. Aquatic plants, for example, have 
many features in common, but nevertheless no general rela- 
tionship exists between them. 
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§ 7. Causes of Variatiou. — Germinal variations are variations 
due to some change or modification of the material (germ-plasm) of 
the germ-cells (gametes). The causes of such cliange are obscure ; 
some are inclined to ascribe them to changes in the nutrition of the 
germ-plasm. These variations are transmissible by heredity. 

On the other hand there are variations induced by the action of 
the environment on the body of the parent. These somatogenic 
variations are commonly called “ acquired characters.” It was for- 
merly believed that these variations also could be transmitted, and 
thus afforded material for natural selection to work on. There are, 
however, cogent reasons for believing that this is not the case, 
although some hold tliat by the action of the environment on the 
germ-cells a cumulative effect may be produced in the course of a 
few generations. 

By many these somatogenic variations are ascribed to the direct 
action of the environment, they are believed to depend on phy- 
sical and chemical changes produced by external conditions. In 
some cases no doubt this is true, but it is important to notice that 
many of these variations are ada])tive, and represent definite and 
apparently purposive responses on the part of the plant to ehanges 
in its environment. It seems clear that in these cases the plant 
itself must be taken into account, and that its power of adaptation 
is an important factor in the question. This power of adaptation, 
or adaptability, is possessed in varying degrees by different species 
of plants. It depends on the specijic protoplasmic constitution of the 

S lant, which is transmitted from parent to offspring, and whicli has 
een acquired, through natural selection, in tlio struggle for exist- 
ence. 

§ 8. Continuous and Discontinuous Variation.— In most 
cases the variations exhibited by the members of a species with 
regard to any particular character are minute and merge into each 
other so as to form a continuous series. Variations of this kind are 
called fluctuations. On the other hand variation is sometimes 
discontinuous, i.e, the variation seems to appear abruptly without 
any intermediate or transitional stages. Variations of this kind 
are called mutations. 

Till quite recently it was generally believed that the small fluc- 
tuational variations constituted the material from which species 
were slowly evolved by natural selection. Strong reasons liave now, 
however, been adduced for believing that the variations known as 
mutations are incipient species, and that fluctuatioual variations give 
no handle to natural selection, that at most they can give rise only 
to local varieties or races. This view has been ably advocated by 
several biologists who have been prosecuting an experimental study 
of variation according to the principles of heredity laid down by 
Mendel. They regard mutations as true germinal variations, and 
fluctuations as being somatogenic variations induced by environ- 
ment. 
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The question as to which view is correct can only be settled hy a 
much more exhaustive study of the problems of heredity and varia- 
tion than has yet been made. Possibly a via media may be found. 
In an,y case naxural selection would still be a factor in evolution ; 
variations, whether fluetuational or mutational, before they give rise 
to new species, must pass through the sieve of natural selection. If, 
however, the mutation theory is correct, it means that evolution is 
a process whicli takes place 03'' distinct steps instead of slowly and 
imperceptibly as we have liithcrto believed. 

§ 9. Course of Evolution in the Higher Plants. — 

We may suppose that the common ancestors of the 
Vascular Cryptogams and Phanerogams were plants show- 
ing a distinct alternation of generations —the sporophyte 
differentiated into root, stem, and leaf, and producing 
asexual spores — the gametophyte a green thallus, bearing 
both aiitheridia and archegonia. Some of the ancestral 
characters have been inherited in common by the 
descendants. These constitute the homologies we have 
recognised. The differences or modifications have arisen 
as different adaptations to changing conditions of environ- 
ment. Let us see if we can trace some of the more 
important of these. 

We must first ask the student to notice that the 
sporophyte is evidently a plant adapted to aerial conditions, 
while the gametophyte, as we find it in the Fern or 
Equisehmif and, presumably, as it existed in the ancestral 
forms, is adapted to moist conditions. Further, that in 
the Flowering Plants we have plants completely adapted to 
aerial conditions.'*' 

On the view Jliat cross-fertilisation is of advantage to 
plants, we can understand the gradual evolution of 
unisexual prothalli (e.g. Equisetum). But why the reduc- 
tion of prothalli and the heterosporous condition?. This 
is probably traceable to the more complete adaptation of 
the plant to aerial condition|». Evidently, if there was 
any uncertainty as to the conditions being sufficiently 

* Aquatic Angiosperms have returned to aquatic conditions. 
Their ancestors wore aerial types — cf. the whale among air-breathing 
vertebrates. 
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moist for the development of well-formed prothalli, the 
storing up of food-material inside the spore would be a 
useful variation. It was more necessary ii^ the case of 
the female gametophyte because it had to nourish the 
embryo — Whence the differentiation of^ a megaspore. From 
this stage onwards the spores and prothalli may be 
regarded simply as organs having for theii* function the 
production of a new sporophyte. 

Considering the uncertainty of the microspores reaching 
the megaspores the advantage of the retention of the 
megaspore in a secure and definite position in the 
sporangium will be perceived. The microspores being 
small would be readily blown about by the wind ; and we 
can imagine that there were special means for catching 
them (cf. secretion of mucilage from the micropyle of 
Pinua). Here we trace the beginning of pollination. 

At first, probably, the microspore genninated on the 
surface of the female prothallus, and the spermatozoid 
made its way to the archegonium in water present on the 
surface of the prothallus and probably in part excreted 
by it. We can understand the gradual enclosure of the 
megaspore on the view that the embryo would be better 
protected and have a better chance of surviving. The 
development of a pollen-tube, which is correlated with 
this, would probably be stimulated by the presence of 
water on the surface of the partly covered megaspore or 
prothallus. 

The study of fossils indicates that in primitive seed- 
plants fertilisation was effected as in living Cycads 
(p. 395). The dependence of fertilisation on the presence 
of water was obviated finally by the pollen-tube itself 
carrying the male cell to the oosphere. 

In Gymnosperms we have clear evidence that a number 
of distinct megaspores and embryos (polyembryony, p. 389) 
were present in primitive seeds. The advantage of the 
reduction to one is evident, for one strong and well- 
nourished seedling is much more likely to survive than 
two weakly ones. After the complete enclosure of the 
megaspore, it lost its cuticularised coat, which is still 
found m Cycads, and the archegonium, being now a useless 
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organ, gradually disappeared, the oosphere or ovum only 
persisting. Finally, the late development of endosperm in 
Angiospermst is of distinct advantage, as it is not required 
if fertilisation is not effected. 

Much of this, of course, is hypothetical, but close study 
of living and of fossil types affords evidence that it repre- 
sents approximately the general course of evolution in the 
higher plants. 

§ 10. Origin of the Flowering Plants. — The origin 
of the Dicotyledons, which appeared towards the close of 
Mesozoic times and rapidly attained a dominant position, 
has till recently been a mystery. Tliere is now reason 
to believe tliat their ancestors are to be found amongst 
the Cycad-like plants (Cycadophyta) which flourished so 
abundantly in Mesozoic times. In the most important 
group of Cycadophyta, the Bennettiteae, the flowers (cones) 
were hennaphrodite. They consisted of an axis bearing 
stamens below and ovules above, together witli intervening 
scales which also formed a sort of perianth below the 
stamens. The resemblance of this arrangement to that 
of a typical dicotyledonous flower is obvious. To this has 
to be added the fact that the seeds wore almost exal- 
buminous and contained an embryo with two cotyledons. 

The Monocotyledons appeai’ed about the same time as 
the Dicotyledons. Their origin is still obscure, but it 
seems probable that they represent an offshoot from the 
primitive dicotyledonous stock. 

The Cycadophyta, from which apparently the Angio- 
sperms (and possibly also the Gnetacofle) have been 
evolved, appear to have sprung from fern-like ancestors 
which^ flourished in earlier Palaeozoic times. A group of 
Palaeozoic plants, the Cycadofilices, presenting resem- 
blances to both Ferns and Cycads has for some time 
been recognised. Eecently it has been found that these 
fem-like plants produced seeds resembling in important 
respects those of Cycads. For this reason the plants are 
now called Pteridospermese. 

The origin of the Conifers is still doubtful. They 
appeared in Palaeozoic times and were allied to an extinct 
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group of Palaeozoic Gymnosperms, the Oordaitese, which 
show affinities with the Cycads. Thus they may represent 
an earlier offshoot from primitive Pteridosperme£e. 

§ 11. Evolution of the Flower. — If the views as to 
the relationship between Dicotyledons and the Bennettiteas 
are well founded we may conceive the primitive Angio- 
spermous flower as being hermaphrodite and consisting 
of an elongated axis bearing stamens below and carpels 
above. There can be no doubt it was aneinophilous. The 
liighly specialised Angiospermous flowers have been derived 
from this primitive type. Some of the growth processes 
wJiicli have led to modification of floral structure have 
been mentioned on p. 244. We have now to consider 
these modifications from the standpoint of evolution and 
to recognise their biological significance. 

If we remember that the course of evolution has been in 
the direction of tlie more perfect adaptation of the flower 
to the function of seed- and fruit-production, wo shall 
understand that the evolutionary history of the flower may 
be interpreted by reference to the more important adapta- 
tions that have taken place. It is well to remember, 
however, that specialisation, or advance in organisation, 
has followed many lines, and tliat along particular lines it 
may be illustrated within the limits even of a single order. 
Our natural orders cannot be arranged in a linear series, 
but are best regarded as the tenninal twigs of branches 
given off along the main stem of Angiospermous develop- 
ment. 

(1) Protective adaptations , — ^The fundamental distinc- 
tion between Angiosperms and Gymnosperms, the forma- 
tion of a pistil, no doubt arose as an adaptation securing 
the better protection of ovule and seed. The close 
association of leaves or bracts under the sporophylls was 
probably the precursor of a protective perianth. Here 
also we must refer to the gradual abbreviation of the 
floral axis, and the transition from hypogyny to perigyny 
and finally to epigyny. This marks an advance in 
organisation: the ovary and seeds were better protected 
by being enclosed in the thalamus. 
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(2) Adajptationa for more economical and efficient seed- 
production. — ^At first the pistil was probably apocarpous, 
with few ovules in each ovary. Eeady polhnation would 
be facilitated by increase in the number of ovules or their 
aggregation in a single compound ovary. This explains 
the evolution of the syncarpous pistil. As pollination 
became more certain there would be a reduction in the 
nuQiber of stamens and carpels. This is characteristic of 
the higher and more specialised orders {e.g. amongst the 
Sympetalae). Amongst the Compositae the ovules are 
reduced to one in each ovary. Specialisation here has 
followed the line of elaboration not of the single flower, 
but of the inflorescence of small flowers. 

(3) Adaptations for insect-pollination. — The evolution of 
Angiospermous flowers is intimately connected with insect- 
visitation and cannot be followed with any clearness except 
by reference to it. The transition from wind-pollination 
to insect-pollination and the general occurrence of the 
latter’* are, of course, explained by the fact that insect- 
pollination is more economical and more certain. 

At first insects probably visited flowers to feed on the 
pollen. A slight secretion of sweet substance by the floral 
leaves, serving as a further attraction, no doubt led to the 
evolution of nectar-glands, while the sterilisation of the 
outer series of stamens probably led to the evolution of 
the corolla, and slight variations in form, facilitating the 
movements of insects, to the evolution of meclianical 
contrivances. 

At first, no doubt, the flowers were open, and the honey 
freely exposed. ^Adaptation to pollination by longer- 
tongued insects; necessitating concealment of honey, ex- 
plains the evolution of the tubular form found in many 
flowers. This tubular form has arisen in various ways 
amongst the Archichlamydeac ; in the Sympetalee it is 
secured by the gamopetalous corolla, whose evolution is 
thus explained. Tiie epipetalous condition of the stamens, 
which is usually associated with the gamopetalous corolla, 
allows for the further narrowing of the tube. 

* Some writers deny that any existing Angiosperm is primitively 
ancmophilous, 
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§ 12. Fruits and Seeds. — Similarly we can explain 
through natural selection in the struggle for existence the 
evolution of succulent and other forms of fruit, and of the 
various contrivances and niochanisms for the dispersal of 
seeds and fruits. 



CHAPTER XVIII. 

THE ECOLOOT OF PLANTS. 


§ 1. Plant Ecology. — The main object of this study, 
which has come very much to the front in recent years, is 
to find out as much as possible about the various ways in 
which plants are influenced by, and adapted to, their 
surroundings. In a word. Plant Ecology is the study of 
the relation of plants to their environment. Evidently it 
is a study which implies a more or less intimate knowledge 
of both the structure and the physiology of plants, and 
some acquaintance also with the facts and principles of 
Plant Evolution. Some reference to the subject has 
already been made in Chapter VIII. ; it will now be 
considered in greater detail. 

§ 2. Classification and Plant-Distribution. — In deal- 
ing with the Evolution of Plants we have indicated (p. 404) 
that every plant may be regarded as possessing two sets of 
characters : — (a) Ancestral characters^ which are of supreme 
importance in classification, although often of no evident 
use to the plant ; {h) adaptive characters, which, while they 
are of the utmost importance to the existence of the species, 
are of little value in classification. As it is often a matter 
of extreme difficulty to distinguish between the two sets of 
characters, it is cl^ar that Classification, which id based on 
a recognition of homologies,§ ** and Plant Ecology, which 
pays attention to adaptive characters, can render each other 
mutual assistance, and are, therefore, naturally studied 
together in outdoor work. 

§ 3. Adaptation. — We have seen that amongst plants 
there is a constant struggle for existence, which is keenest 

between allied plants having similar habits and require- 
ments. The typical flowering plants are plants adapted to 
a land-existence, absorbing water from the soil by means 
. 4X2 
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of their roots, and obtaining their supply of carbon from 
the atmosphere — chiefly by means of their leaves. Plants 
of this kind are abundant in all regions i?\^ere the con- 
ditions as to air, moisture, light, and temperature are 
favourable, and where in consequence the competition is 
keen. The constant production of numerous seeds tends 
still further to increase the crowding. 

In the resulting struggle the successful ones are those 
which secure an advantage owing to more perfect adaptation. 
Some may become better adapted to the conditions of 
temperature ; others to variations in the amount of moisture 
present at different periods. Others, again, may maintain 
tlieir position because they 2)ossess a ready and effective 
method of seed-dispersal. At the same time it must be 
rememl)ered that what counts in the struggle for existence 
is the whole equipment of the plant, not the possession of 
any single adaptive or advantageous feature. 

In all cases where the struggle is severe the weakest and 
worst equipped are driven to the wall. Such unsuccessful 
competitors may die off and become extinct ; but, frequently, 
plants that fail in open competition are able to exist in 
special localities, where there is less competition, owing to 
their having acquired some special adaptation. Some, for 
example, may be able to grow in sandy places near the sea 
where the soil- water contains a large amount of salt; 
others may become adapted to live in marshy places, or in 
conditions which are completely aquatic. Occasionally un- 
successful types develop the climbing habit, or become 
epiphytic or parasitic upon their stronger neighbours, and 
thus succeed in maintaining themselves. 

All these different “types” of flowering plant, which 
are characterised by adaptation to special conditions of 
existence, have been derived from typical land-forms. It 
has to be noticed, in this connection, that specialisation 
usually entails a loss of adaptability, i.e. a loss on the part 
of the plant of the power of accommodating itself to new 
surroundings. Hence highly specialised plants must 
usually conquer their surroundings in order to survive, and 
remain as “ fixed ” types as long as they can do this, but 
become extinct when subjected to adverse conditions. 
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§ 4. Environment. — In studying Plant Ecology it is 
important to ascertain if the diffei*ences in form and struc- 
ture presented by different plants can be accounted for by 
differences in mode of life and habitat, whether they arise, 
through natural selection, in adaptation to external condi- 
tions, or are caused by these external conditions, either 
directly, or in virtue of an' inherent power of adaptation 
possessed by the plants. 

All the factors of the environment must be taken into 
account. These factors fall into four main groups: (1) 
the physiographic factors, including altitude, exposure, 
slope ; (2) the climatic factors, including temperature, 
rainfall, light; (3) the edaphic factors, including the 
physical and chemical characters of the substratum, i.e. in 
most cases the soil ; (4) the biological factors, including 
other plants, animals, and man. 

The external conditions of environment vary widely in 
different localities and in different parts of the globe. It 
is important therefore to consider also the influence they 
exert on the distribution of plants. 

We shall briefly consider fx’om these two points of view, 
the general influence of temperature, light, moisture, wind, 
and soil. 

§ 5. Temperature, — So far as can be observed no 
striking structural modifications are associated with differ- 
ences in temperature. Ability to withstand extremes of heat 
or cold appears to be a specific property of the protoplasm 
and is not provided for by any visible structural adaptations. 

Temperature, hewever, is of the utmost importance in 
relation to all tlie vital processes, and also exerts a 
profound influence on the geographical distnbution of 
plants in correlation with the fact that the average tem- 
perature and the range of temperature both vary widely in 
different parts of the globe and also in different localities. 

On the whole, most plants prefer temperatures lying 
between 20° and 30° C., although many are specialised to 
withstand very high or very low temperatures. We may 
distinguish between (a) heat-lovers, which only develop 
in tropical regions; (b) oold-fearevs, which grow more 
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'esjiecidilly in warm temperate and sub-tropical regions, and 
are killed by frost ; (c) cold-bearers, wliicli are able to 
survive the frosts of winter in various ways. ’ 

The temperature of any region depends upon its latitude, its 
height above sea-level, its distance from the sea. Four regions or 
zones may be recognised : — (a) The Torrid Zone, lying between 
the Tropics, the average annual temperature of which lies between 
26° C. and 32” 0. Tropical plants can only be grown in hothouses in 
Britain, (b) The Warm Temperate or sub-tropical zone. Hero 
the average annual temperature lies between 13° C. and 25° C. and 
the temperature does not sink at the cold winter period (January 
in North Hemisphere, July in South Hemisphere) below 5° C. 
The plants of this region can be grown in green-houses if they are 
protected from frost, (c) The Cool Temperate Zone. ^J'he 
average annual temperature lies be tureen 5° C. and 15° C., and the 
period of active vegetation lasts only for six months, (d) Arctic 
and Alpine Regions. The Arctic Zone is that around the poles, 
and its flora is very limited, whereas the Alpine Zone includes the 
tops of the higher mountains in all the other zones and has a more 
diverse flora. 

§ 6. flCoistnre. — So far as structural modification is 
concerned water is undoubtedly the most important factor 
of the environment. The whole organisation of a plant, 
internal as well as external, ben,rs a close relation to tlie 
conditions under which water has to be absorbed, dis- 
tributed, and, in many cases, economised. This will be 
clearly brought out in connection with the various bio- 
logical groups of plants (§§ 10-26). 

Water exerts an important influence not only on the 
local or topographical distribution of plants, but also, 
second only to that of temperature, on their wider or geo- 
graphical distribution. Within the Tropics there are 
certain parts where the wet season continues almost without 
intermission during the entire year, although in most parts 
dry and wet seasons alternate in regular succession. A 
large part of the warm Temperate Zone lying north and 
south of the Tropics is subject to drought or has only 
periodical rainfalls. In the Temperate Zone there are 
variable winds and rain. These three regions are character- 
ised by plants which differ as regards the amount of 
moisture they require (hygrophytes, xerophytes, mesophytes 
respectively — see § 10). 
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§ 7. Light. — We can frequently recognise structural 
modifications developed in response to the influence of light. 
Shade-plants have frequently large leaves and long inter- 
nodes, and the palisade tissue of the leaves is poorly 
developed. Sun-plants, on the other hand, more especially 
if exposed to very intense light, have small leaves and 
short internodes, owing to the retarding action of light on 
growth, and the palisade tissue is well developed. It is 
partly for this reason that alpine plants have a more con- 
densed habit than plants growing in the valleys. Possibly 
also the forms assumed by leaves are largely due to the 
influence of light. 

Light determines mainly very local distribution, although 
many of the distinguishing characters of plants in widely 
separate regions {e.g. Tropical and Arctic plants) are corre- 
lated with variations in the intensity and duration of the 
light to which they are exposed. Some plants love the 
shade, others full exposure to the sun. A certain amount 
of the light rays are absorbed in passing through water. 
Hence sea- weeds and fresh-water plants cannot exist below 
a certain depth, because insufficient light would reach them. 
Plants with tliick fleshy leaves or cladodes prefer bright 
sunlight because otherwise the inner assimilating layers 
only receive very weak light. The Wood- sorrel (Oxalis 
acetosella). Cow- wheat {Melamjpyrum), Sweet Violet, and 
Wood Geranium are good examples of shade-loving plants. 
The Stone-crop {Sedum), the House-leek (Sempervivuni) , 
Sun Spurge {Eujphorhia helioscopia), Sunflowers, and Field 
Poppies are examples of sun-plants. 

§ 8. Wind. — I'he characteristic appearance of bushes 
growing along exposed ridges (sea-clifEs, etc.), where the 
branches bend over in the direction of the prevailing 
winds, is partly a mechanical effect of the wind, partly 
due to the increased transpiration it causes. The excessive 
transpiration produced has a desiccating effect on vegeta- 
tion, best seen of course in the case of shrubs and trees. 
This accounts, in part, for the dwarfed and stunted form 
assumed by plants growing in exposed regions at high 
elevations, and, in combination with the des&uctive action 



THE ECOLOGY OP PLANTS. 417 

of wind, explains why the conditions in such regions are 
unfavourable for the growth of trees. 

§ 9. The Soil or substratum . — In considering the in- 
fluence of the soil on plants attention must be given to 
both its physical and chemical properties. With regard 
to the physical properties the most important are porosity, 
capillarity, and water capacity. In connection with its 
chemical properties the nature and amount of the available 
plant-food have to be considered. Here it has to be re- 
membered that the presence in excess of any substance in 
the soil may have an injurious or poisonous action on a 
plant, and that plants have different powers of adaptation 
to various kinds of soil. 

Certain modifications are apparently to be ascribed to 
the chemical properties of the substances present. Thus 
plants grown in soils rich in chalk or clay differ in certain 
respects from plants grown in soils deficient in those sub- 
stances. In a few special cases marked modifications seem 
to have been produced in this way. 

On the other hand many modifications are due not to the 
chemical properties of the substances present, but to the 
fact that they alter the conditions with regard to the 
absorption of water. The presence in large amount of 
soluble salts in the soil, for example, renders the absorption 
of water difficult, and leads to xeroph 3 rtic adaptation. 
According to some, however, the storage of water in such 
cases is an adaptation, not so much against “ physiologi- 
cal drought as to diminish the injurious and poisonous 
effects of undue concentration of the absorbed substances 
in the plant cells. 

The substratum, taking the term in the widest possible 
sense, determines very local distribution. Many plants 
grow only in bogs or swamps, others in peaty soils or in 
soils rich in vegetable remains, others again in or on run- 
ning or stagnant water, others on sandy or muddy coasts. 

Similarly, some plants prefer chalky soils, others rich 
loam, while some succeed in maintaining themselves on 
the poor thin soil derived from granite rocks. In these 
cases, however, the relation to soil is not definite. Thus a 
EOT. 27 
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plant which in one region is restricted to a chalky or 
siliceous soil may in another region be found growing 
indiscrimini’tely on different soils. In explanation of this 
we have to remember that various other factors have to 
be considered — e.g, the physical properties of the soil, 
the presence or absence of other kinds of plant-food. 
Another important factor is the amount of competition to 
which a plant is subject ; a plant may inhabit a poor soil, 
not from choice, but from necessity. 

The physical properties of the soil are apparently much 
more important than the chemical in determining the 
distribution of plants. 

§ 10. Plant Associations. — From what has been said 
it will be recognised that various plants (belonging to 
widely different orders) grow together in certain locali- 
ties evidently because they like (that is, are adapted 
to) the same kind of soil, the same conditions of dry- 
ness or wetness, the same amount of light or shade, 
etc. Such biological groups of plants (Marsh-plants, 
Shore-plants, Climbing-plants, etc.) may be called Plant 
Associations. 

From the ecological point of view Flowering Plants 
may, first of all, be divided into three main groups or 
categories: — (a) Geophytes, (6) Aerophytes or Epiphytes^ 
(c) Hydropli3rtes. Geophytes are land-plants fixed in 
the soil by means of roots. Aerophytes or epiphytes 
(see p. 217) are land-plants which grow attached to 
other plants. Hydrophytes are aquatic or water-plants; 
they are sai^ff to be hydrophilous (i.e, water-loving) and 
are subject only to aquatic conditions. In addition to 
these there are the small groups of parasitic and sapro- 
phytic flowering plants whose characters have already- 
been considered (p. 196). 

Amongst geophytes, which include the vast majority of 
Flowering Plants, various groups or types of adaptation 
are distinguished. Plants which grow in very moist con- 
ditions, in marshes or swampy ground, on river-banks or 
on ditch-sides, and which therefore come nearest to being 
aquatic, are called hygrophihus (moisture-loving) plants or 
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Kygrophytes. They are usually of large sizG*iind luxu- 
riant growth, devoid of thorns (though prickles may be 
present), and with an abundance of stomatj^ and a thin 
cuticle. The root system is not strongly developed, and 
the leaves have frequently elongated apices ( drip-tips ” ) 
for throwing off vrater. Most Ferns, and Palms, Bananas, 
etc., are hygropliilous. 

At the other extreme are xerophilous (“drought-loving”) 
plants or Xerophytes (see p. 216). Cactuses are typical 
xerophytes, and so also are' very many Acacias and Eu- 
phorbias. 

Between xerophytes and hygrophytes we find a great 
many intermediate forms (Mesoph^es), comprising, in 
fact, the majority of British plants, which grow in mead- 
ows, pastures, cultivated fields, and in woods and planta- 
tions of deciduous trees (Beech, Oak, Birch, etc.). These 
plants show no decided xerophilous or hygropliilous char- 
acters, though some approach xerophytes in form and 
structure and others approach hygrophytes. 

Woody perennials (trees and shrubs) with deciduous 
leaves show distinctly xerophilous characters in winter 
(the protected winter-buds, cork-covering of stems and 
of leaf-scars, cork-layer closing up the lenticels), while 
in summer they bear thin leaves like those of meso- 
phytes or hygrophytes. It lias been proposed to call 
such plants, which are more or less hygropliilous in 
summer and xerophilous in winter, Tropophytes (t.e. 
“ changing plants ”). This applies only to deciduous 
plants ; evergreen land-plants are more or less strongly 
xerophilous in character. 

It must be remembered that no hard-and-fast lines can 
be drawn between these types. Some aquatic plants can, 
when the stream or pond dries up, continue to live and 
grow, sometimes even more vigorously, in the air, thus 
changing from hydrophytes to mesophytes. The same 
species of plant may be found growing under hygrophilous 
or xerophilous conditions in different localities. In each 
case the structure of stem and leaf, as well as the form of 
the leaves and the general habit of the plant, become 
modified to suit these different modes of lifp. 
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§ 11. Recognition of Adaptive Charaoters.— The recognition 
of the characters which are really adaptations to a particular mode 
of life, and are to he ascribed to the influence of environment, 
depends on a Moso study of the different biological groups. Char- 
acters that are merely recognised as useful in relation to a particu- 
lar environment are not necessarily adaptations to that environ- 
ment. They may be characters acquired in adaptation to a different 
environment altogether, and retained because they arc still useful. 
Before any characters can be regarded as really adaptive it must be 
recognised that they are of wide or general occurrence in the group 
under consideration. The significance of this will be understood if 
we remember that each biological group contains plants belonging 
to widely different Natural Orders. 

§ 12. Life-history of a Plant. — Altliougli the general 
course of the life-history is much the same in all flowering 
plants — the seed giving rise to a seedling, which, after 
growing and vegetating for some time, flowers and pro- 
duces new seed — yet there are many differences in detail. 
One variation from, the typical life cycle, of very general 
occurrence, is seen in vegetative reproduction, and of this 
there are many different forms in different plants. But, 
in addition to this, there are many minor differences be- 
tween the different plants, as regards their duration, their 
time of flowering, and their l^ehaviour during successive 
vegetative periods. Moreover, all plants do not behave 
similarly during the changes of season, although in the 
case of the perennial plants of North Europe a summer 
period of intense activity alternates with a period of qui- 
escent hibernation in winter. 

§ 13. Daraiion and Seed-Production. — That a plant 
should live, grbw, and produce flowers, fruits, and seeds con- 
tinuously and indefinitely is perfectly conceivable, but, as a 
matter of fact, the expenditure during the period of seed- 
production is usually much greater than the income of the 
vegetative shoot at this time. Hence plants usually store 
up food for some time before flowering, and this implies the 
introduction of rhythm or periodicity into the life-history. 

Plants may be classified into annuals, biennials, and 
perennials, according to whether their life-c^cle is com- 
pleted within one, two, or several years. Again, plants are 
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either monocarpic and completely exhaust themselves the 
first time they produce seed, or are polycarpic and spread 
their production of seeds over several season^. Hence of 
necessity annuals and biennials arc monocarpic, whereas 
perennials may be either polycarpic or monocarpic. 

Only a few perennials are monocarpic. They may either be 
arboreal (many Palms and Giant Bamboo) or herbaceous, as in the 
slowly growing Century Plant (Af/atje). Such plants vegetate, 
grow, and store up food- materials often for more than twenty or 
thirty years, at the end of which time they ijroduce a great crop of 
fruit and seeds and die exhausted. 

Biennials devote their first season to accumulating food, which 
is stored in the root (Carrot, Parsnip, Beetroot) or in the hypocotyl 
(Turnip, Radish). After perennating through the winter, they 
utilise tiieir surplus food in producing a large number of flowers and 
fertile seeds, and then die. If exhaustion is prevented by cutting 
off the fruits before they grow, life may be prolonged almost indefi- 
nitely. Many plants popularly classed as biennials, because they 
flower in their second year, grow as perennials when undisturbed 
(Foxglove, Snapdragon). 

In some annual plants termed epheineralSy the duration of the life- 
cycle is BO shortened as to enable several generations to follow one 
another during a single season, only a few weeks intervening 
between the germination and fruiting of each individual (Shepherd’s 
Purse, duckweed, Groundsel). The Groundsel in fact grows and 
fruits all the year round. There is, however, no sharp distinction 
between annuals and “ ephemerals,” for the former may go through 
two or even three generations when the favourable seasonal period 
is unusually prolonged, and an ephemeral may only have time for a 
single life-cycle when the seasonal period is very short, as in Alpine 
and Arctic regions. 

Both the duration of a plant and the number of times it may 
flower are liable to be moclified by external circumstances. Many 
annuals may become biennials if a wet summer or rich soil retards 
flowering, and if the winter frosts are not so severe as to kill them. 
Starved annuals may become ephemerals by shortening their life- 
cycle. Sucli plants as the Castor Oil and Scarlet Runner are 
perennials in warm climates, but become annuals in cold ones, 
since they are killed by the winter frosts, whereas their seeds 
survive. On the other hand, the existence of many annuals is 
prolonged when they are not allowed to fruit and seed (e.^/. 
Mignonette). 

§ 14. Effect of Changing Seasons. — We have seen 
that water-supply and temperature are two of the con- 
ditions on which normal protoplasmic life depends. These 
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vary enormously with (a) climate, (b) seasonal changes. 
The simple life-cycle thus becomes greatly complicated in 
correlation Iv^ith these two factors, and in all parts of the 
world, except certain regions of the moist Tropics, the 
influence of the rhythmic alternation of the seasons is 
deeply felt. This influence of annually changing seasons 
is generally felt in the form of one season being unfavourable 
for growth. This is due to 

(1) Too little water. 

(2) Too little heat. 

(3) Too much heat and too little water combined. 

Plants therefore require to live protected against 

(1) A dry season (Drought). 

(2) A cold season (Winter). 

(3) Hot dry season (Desert condition). 

The various inodes by means of which plants manage to 
persist in a more or less dormant condition over unfavour- 
able seasons are included under the term perenuation. 
In this country the facts of perennation are so familiar 
that they are often overlooked, and they are almost wholly 
correlated with winter-cold. Very few British plants are 
dormant in summer — e.g. Snowdrops. In hot and especially 
in desert countries the perennation period corresponds to 
the hot season, and vegetation continues in the wet season. 

Winter Perennation. — In adaptation to their surroundings 
tlie plants of cold climates have acquired various means of surviving 
the cold period of the year. Except in the case of evergreens, 
which retain their leaves for two or three years, the leaves usually 
die and fall off f^t the onset of winter. Tliia resting condition is 
induced not so nnich by the direct action of the low temperature as 
by the deficiency of water consequent on the reduction of root- 
absorption which it causes. It is the same danger of desiccation 
during winter which lias caused the leaves of our evergreens to 
become leathery, or to acquire thick cuticles. This is why a dry 
cold east wind is more hurtful to our indigenous plants, than a 
moist but equally cold west wind. 

The stems and branches of shrubs and trees are more exposed to 
extremes of temperature than the roots. They are able to with- 
stand severe cold owing to the cork layer which covers them, 
mainly because it protects theni against the loss of water, and to a 
less extent because it acts as an insulating jacket, keeping in heat 
just as a blanket would do. 
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Drought Ferennation. — In tropical climates the seasons are 
determined not so much by the temperature as by the amount of 
rainfall. Typically one or t\wo wet and dry seasons occur each year 
in alternate succession, and if the dry season is at all prolonged, 
tlie vegetation suffers a pronounced check. The special adaptations 
by which plants are enabled to survive periods of drought arc very 
similar to those exhibited by the plants of cold climates, which 
each season must successfully withstand a shorter or longer ex- 
posure to severe cold. Thus in both oases trees and shrubs lose 
their leaves, while plants with underground perennial, tuberous, 
bulbous, or rhizomic stems are characteristic of dry, arid regions, 
and occur equally commonly in cold climates. Under exceptionally 
severe conditions annual plants liave a distinct advantage over all 
others, since their seeds are, in most cases, not injured by drying, and 
equally unaffected by frost. Hence annuals may exist where trees 
and shrubs cannot develop, and where even plants with perennating 
underground parts can maintain themselves only with difficulty. 

§ 15. The Modes of Ferennation may be summarised 
as follows : — 

1. The Evergreen Tree , — ^The foliage persists, but is 
protected, 

2. The Deciduous Tree, — The foliage is shed for winter* 
cold or summer ‘dr ought. The shoot is protected by its cork 
jacket, and the growing-points perennate as hnds covered 
by protective scales. 

3. Herbaceous Perennials, 

(i) Only the flowering shoot dies, as in summer- 
flowerers such as Buttercups. 

(ii) All the aerial portions die, as in most plants with 
rhizomic stems. 

4. Special Types of Subterranean Perennation, 

The Bulb and Corm may be 
(a) The Bulb, regarded as perennating buds, 
(5) The Corm, while the Ehizome is a stem which 
(c) The Rhizome, has gone below ground for pro- 
tection. 

6. Seed Perennation, — This is the most perfect type of 
perennation known, for the dried dormant plantlet pro- 
vided with food-materials and enclosed in its protective 
coverings retains its vitality often for many years and 
under most adverse circumstances. 
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§ 16. Plant Societies. — ^We shall now proceed to con- 
sider in detail the features presented by some of the more 
important biological groups of plants, and of plants 
growing in special regions, with special reference to British 
plants. 

§ 17. Water-Plants are subject to less extremes of 
temperature than land-plants, for the water in which they 
grow takes longer to be heated and longer to cool. Owing 
to this greater uniformity of conditions many of them are 
very widely distributed. Being more or less screened by 
the water from the action of light they show many of the 
characters of shade-loving plants (long internodes, no 
palisade tissue, presence of chloroplasts in the epidermal 
cells). The structural modifications of aquatics have 
already been considered in Chapter VIII. (p. 216). 

In plants growing in running water (c.gr. Awlwort and 
Water Lobelia) the leaves are usually long and ribbon-like, 
the form best adapted to resist the movement of the water. 
In still water the leaves are usually much divided, as in 
Water Buttercups and Water Milfoil, and thus present a 
larger assimilating surface to the water. 

Leaves which float on the surface of the water are 
usually entire and rounded or slightly lobed (Water-lilies, 
Pond-weeds, Duckweed, Frog-bit, some Water Butter- 
cups), md bear stomata on their upper surface, which is 
covered with cuticle or wax so as to prevent wetting. 
These floating leaves have the same structure as those 
of land-plants, but the air spaces are very large and are 
continuous with air-passages running down the leaf- stalk 
to the submergeji stem and roots. In submerged parts 
these air-spaces hot only enable the plant to float upright, 
but they also convey air to the lower parts growing in 
deep water or in mud, where little or no oxygen is present 
for respiration. 

Carbon dioxide dissolves readily in water, and therefore 
the percentage of this gas in water is higher than in air. 
Since a submerged plant gets water, salts, carbon dioxide, 
and oxygen so easily, and lives in very favourable con- 
ditions generally, it grows rapidly, branches freely, and 
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reproduces itself largely by vegetative means, chiefly by the 
decay of the older parts setting the branches free, or by 
branches breaking off. 

The majority of- water-plants are perennial. Tlie water- 
plants of tropical regions grow continuously all the year 
round, not being hampered by either a cold or a dry 
season. In temperate regions growth is interrupted by 
the winter, and various methods of perennation occur. In 
some cases — e.g. Oallitriche — ^the plant remains unaltered, 
merely sinking to the bottom; in Water-lilies food is 
stored up in the rhizome; in Arrow-head tubers are 
formed. A very common mode of perennation is the 
formation of winter-buds, which are developed at the 
ends of the branches. These buds are large, their leaves 
contain reserve food ; they drop off and remain at the 
bottom during the winter, growing up in the spring. 
Winter-buds of this kind occur in Water Milfoil, Water 
Violet, Bladderwort, Frog-bit, and various species of 
Potamogeton (Pond- weed). 

Since water-plants reproduce themselves so extensively 
by vegetative methods, it is not surprising that they 
usually flower much less freely than land-plants. In a 
few cases the flowers are adapted for pollination by the 
agency of water — at the surface or below it. In most 
water-plants, however, the flowers are formed above the 
water, and are adapted for pollination by wind or by 
insects. In the former case much of the pollen must fall 
into the water and be wasted ; in the latter, the scarcity 
of insects makes the chance of cross-pollination small. 

The plants so far mentioned grow with the entire shoot 
under water (except the flowering branches) and the leaves 
submerged or floating. In some Water Buttercups part of 
the shoot remains below and bears divided leaves, while 
part grows upwards and bears broad, floating, or aerial 
leaves. Some plants — e.g. Polygonum amjjMhium, Litto- 
rella (Shore-weed, on margins of mountain-lakes) — can 
grow either submerged or on muddy soil with their shoots 
in the air. In such amphibious plants the leaves of the 
land form are broader, and the stem- and leaf-structure 
resembles that found in ordinary land-plants. 
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In the case of many water-plants it is found that they 
can . be grown on land, either by transplanting them to 
ordinary soil or by sowing the seeds in soil : in the former 
case the new sliioots formed differ from the water-form in 
regard to leaf-shape and the leaf- and stem-structure ; in 
the latter case the seedlings produce at first some leaves 
of the aquatic type, and later bear broad land-leaves. In 
some cases the change from land-plant to water-plant can 
be brought about, especially with plants which grow ordi- 
narily in damp places. 

The following are plants common in ponds and streams, with 
stems submerged and leaves often submerged or floating : — Many 
varieties of Water-crowfoot {Ranunculus aquatilis)^ Water-lilies 
{Nympluva and Nujihar), Horned Pond- weed {Ceratophyllum), 
Water- violet {llottonia palmiris)^ Water-milfoil {Myriophyllum\ 
Bladderwort {Utricularia)^ Water-starwort [Gallitriche), Arrow- 
head {Saf/i.Uaria)f various species of Pond-weed {Potainogeton), 
Duckweed {Lemua). 

§ 18. Marsh Plants. — Under this heading we include 
those plants whose roots and rhizomes, or shoot-bases, are 
in water or mud, while their leaves, or foliage-bearing 
shoots, and of course the flowers, grow in the air. Between 
typical aquatics, marsh plants, moisture-loving plants, and 
land plants there is every stage of transition. We may, 
however, distinguish l>c tween associations of permanently 
submerged water-plants and those characteristic of marshes 
and bogs in' which the substratum alternates between long 
periods of wetness and shorter periods of more or less 
complete drying-\^. The characteristic feature of marsh 
and bog plants is-ihat their lower parts, buried in the mud, 
are adapted to aquatic life, while their upper parts, exposed 
to the air, either resemble those of land plants or are 
adapted to withstand drought. 

The reduced leaf-surface and thick cuticle of Bushes, 
Sedges, Horsetails, etc., have often been attributed to 
the existence in stagnant mud, especially in peat-bogs, of 
acids produced by the decaying organic matter, this acidity 
making it difficult for the roots to absorb water and neces- 
sitating a reduction in the transpiring surface of the plant. 
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But actual analyses show that in some cases at any rate the 
pond-mud in which Eushes and Sedges grow contains no 
acids or only traces of acidity, and moreover the presence 
of acids, in certain quantities, actually increases the rate of 
water absorption by plants. 

In order to meet these objections it has been suggested 
that these “ marsh xerophytes ” owe their mixed characters 
to the persistence of ancestral features in spite of a striking 
change of habitat, and that they are now “ hydrophytes 
wearing a xerophytic mask.” Perhaps the bad aeration of 
the roots, which usually show marked hydrophytic charac- 
ters, especially in the existence of abundant air-spaces, has 
something to do with the xerophytic structure of the shoot 
in both bog and marsh plants, and the “ physiological 
drought ” theory (i.e. the view that the acidity of the sub- 
stratum prevents absorption and acts in the same way as 
actual lack of water) may hold good for bog plants. At 
any rat^e, the biology of marsh and bog plants appears to 
be somewhat complex. 

The plants found on the muddy margins of ponds and streams, as 
well as in marshes and swampy ground, include various Horsetails 
(JUqtiisetum limomim^ E. palmtre) ; tall Sedges {Carex), Rushes 
{Junens), and (trasses ; Bulrushes (iTypAa), Bur-reeds {Spdrganium), 
Water Plantain (Alisma), Arrowhead ( Sagkfaria) ; Marsh Arrow- 
grass (Triglochin), Yellow and Purple Irises, Marsh Orchis, Willows, 
Alder, Water Docks {Rumex conglomeraim, R. llydrolnpathum)^ 
Water-pepper {Polygonmn hydropiper). Ragged Robin, Bog Stitoh- 
wort. Marsh Marigold, liCsser Celandine, Spearworts {RanunculuH 
lingua and R. Jlammula), Water-cress, Cuckoo-flower or Lady’s- 
smock (Gardamine), Meadowsweet, Water Avens, Golden Saxi- 
frage, Purple Loosestrife {Lythi'um), Willow-herbs {Epilobium), 
Mare’s tail (Ilippuria), Square-stemmed and Marsh St. John’s 
Worts (Hypericum quadrangtdum, H. elodes), Water Dropworts 
(Oenanthe), Water Parsnips (Sium), Marshworts (Ileloeciadium)^ 
Common Hemlock (Gonium maculcUum), Marsh Pennywort (Hydros 
cotyle). Yellow Loosestrife (Lysimachia wJlgaris), Moneywort or 
Creeping Jenny (L, nummularia). Water Forget-me-Not, Marsh 
Woundwort, Water Mint, Pennyroyal, Gipsy-wort, Water Speed- 
well (Vermica anagodlis), Brooklime (F. heccahunga), Marsh Speed- 
well ( V, acvtdlata). Red Rattle (Pedietdaria palustria), Marsh Fig- 
wort Marsh Hawk’s-beard (Grepitt paludoaa). 

Water Ragwort (Senecio aqvjalicua), Hemp Agrimony (Eupatorium), 
Bur Marigold (Bidem cemua). Marsh Cudweed (Ghmphodivim, uli- 
ginoaum), eto. 
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§ 19. Moorland Vegetation. — A moor is an elevated 
tract of country consisting chiefly of peaty soil and inha- 
bited chiefly by Ling, Heaths, Bilberry, Cotton Sedge, and 
rough or wiiy Grasses. Low moors, or heaths, show much 
the same kind of vegetation. 

On high moors the underlying rock is generally granite, 
sandstone, or shale, and between this and the peat- layer 
at the surface there is usually a more or less imper- 
meable intermediate layer of decaying granite or shale, 
or of glacial clay. The soil is poor and either deficient 
in water owing to the subsoil being too porous, or satur- 
ated with water owing to an impervious subsoil or to 
excessive rain and mist, or to both causes. On high 
moors the strong winds increase transpiration and pre- 
vent the growth of trees in exposed places, so that the 
entire vegetation is dwarfed and stunted, whereas on low 
moors (heaths) there flourish such trees as Pines and 
Birches, with Alder, Willows, and Bog Myrtle beside 
streams and in wet places. 

On the highest parts of a moor, like those of Yorkshire 
and Devonshire (Dartmoor), where the rainfall is high and 
fi'equent, the aspect of the vegetation is dreary in the 
extreme, both in summer and winter, though livened in 
early summer by the white fruits of the Cotton Grass, 
which form snow-like patches. The chief plants found on 
such a boggy plateau are usually Cotton Grass and Ling 
(Oalluna), mixed with tufted Grasses having narrow rolled- 
up leaves, together with cushions of dry Mosses, while the 
wetter parts may consist almost entirely of Bog-mosses. 
Farther down, as well as on the wind-swept outlying ridges 
of the moor, the dominant plant is usually the Bilberry 
(Vaccinium myrtillus) in the drier parts, with Sedges, 
Hushes, and Bog-mosses in the swamps and along the 
water-courses. 

On low-lying heaths we find chiefly Ling and Heaths 
(Erica cinerea, E. tetralix)^ Gorse, Bracken, with low creep- 
ing plants which shelter under these — e.g, Tormentil, Heath 
B^straw {^Galium saxatile). Milkwort (Poly gala vulgaris ) — 
and in the wetter parts the various bog and marsh plants 
already mentioned. 
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The leaves of Ling, Heaths (Erica), and Orowberry* 
are rolled up so that the lower epidermis (bearing the 
stomata) forms the inside of a tube which is open to the 
air by a narrow slit (seen as a white line along the lower 
side of the narrow leaf) ; the edges of the leaf bear hairs, 
which still further hinder the escape of water- vapour from 
the leaf. Bilberry has broad, thin leaves, but these fall off 
early, and the ridged green branches carry on photo- 
synthesis without exposing much surface for transpiration. 
Sedges and Eushes have narrow leaves with thick cuticle. 
Heath-grasses bear on their upper surface triangular 
ridges, and can roll up longitudinally in dry weather so 
as to expose a very small surface for transpiration ; the 
green tissue, with stomata, lines the furrows between the 
ridges. 

Tlie leaves of Bracken-plants growing on heaths have 
thicker cuticle, less spongy tissue, and fewer stomata than 
those of Bracken growing in moister and more sheltered 
places ; the same applies to other species which grow both 
on heaths and in less exposed places. 

Several types of Moor can be distinguished according to 
the dominant plant, the chief types being (1) Cotton Sedge 
Moor, (2) Heather Moor, (3) Eough G-rass Moor. 

§ 20. Bog-Flants. — ^The typical bog occurs on heaths 
and moors, associated with Ling and other heath-plants, 
and its vegetation consists of peat-forming and peat-loving 
plants. The distinctions between a marsh and a bog are 
fairly clear in most cases, though there are transitions 
from one to the other. The typical marsh occurs on low 
ground, its water is rich in mineral substances, especially 
lime, and its plants grow rapidly, either becoming tall 
or remaining low, but producing numerous leaves and 
branches each year. In the typical bog the water is poor 
in lime and other salts, and the plants are mostly slow- 
growing and of low stature. 

* Empetrxim nigrum, a heatlicr-liko plant in general appearance, 
though not belonging to Erioaoese. It is rare in the south of 
England, but is abundant on some moors in the north. 
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Peat-bogs, like the heaths or moors on which they occur, 
are found at all heights, from a few feet above sea-level up 
to three thousand feet. The peaty soil in which bog-plants 
grow is not sufficiently aerated for the proper formation of 
nitrates, so that although such soils (bog, peat, morass) 
often appear on analysis as though they should be ex- 
tremely fertile, very little of the material they contain is 
directly available to serve as plant-food. This fact largely 
accounts for the presence of insectivorous plants like Sun- 
dew and Butterwort in bogs. It also helps to explain why 
heath and moorland plants (Heaths, etc.) have a mycorhiza 
on their roots and are able to make use of peaty materials 
by being partial saprophytes (p. 198). This power, how- 
ever, is not possessed by the majority of bog-plants 
(Eushes, Sedges, Bog-mosses, etc.). 

Bog-plants have usually more or less well-developed 
xerophilous characters, due largely to the excess of peaty 
acids, which makes water-absorption difficult. Mosses, 
especially the Bog-mosses {Sphagnum), of which many 
species and varieties have been distinguished, play an im- 
portant part in the formation of bogs. The Bog-mosses 
are specially adapted for storing water. The leaf consists 
of a single layer of cells, which are of two kinds : (1) large 
empty water-storing cells with pores on the walls, (2) 
'small green assimilating cells. Each plant branches and 
grows upwards, while the lower parts die and lose their 
green colour, but are preserved from decay by the absence 
of oxygen and the presence of the peaty acids. In this 
way great masses of peat are formed. 

The flowering plan^ found in bogs include Ericacea3 (Ling, 
Heaths, Bilberry) ; Sedges, Rushes, and Grasses, mostly different 
from the kinds found in marshes or wet meadows ; Bog Asphodel, 
Bog Orchids, Bog Myrtle, Grass of Parnassus, Bog Cinquefoil 
(Comarum palvMre), Sundews (Drosera), Marsh Gentian (Gmtkma 
pii£,timcmanthe) , Bog-bean {MenyaTUhea), Bog Pimpernel, Butter- 
wort, Bladderwort. 

§ 21. Humus Plants. — Some of these simply prefer the 
humus as a medium on which to grow. This applies to 
the Crowberry {Empetrum nigrum), the Cranberry (Fac- 
cinium oxycoccos}, and the Ehododendron. Others, however, 
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are sapropliytes, and use the humus as a source of food. 
They are aided in this by the presence of symbiotic fungi 
(mycorhiza) on their roots, which play the part of root- 
hairs, and after decomposing the humus, hand over all or 
a portion of it in a suitable form to the plant. Phints of 
this kind commonly have their foliage leaves reduced to 
mere scales, as in the Bird’s-nest Orchid. When (as in 
Heaths) the leaves are fully developed, the mycorhiza 
probably enables the plant to absorb nitrogen from the 
humus, and not carbon. 

Humus collects in most bogs and swamps, but here it is 
the water which is of primary importance in influencing 
distribution. 

§ 22. Chalk-Plants (see § 9). — Of plants whi(jli prefer or are in 
some districts entirely restricted to calcareous soils may be men- 
tioned the wild Columbine, the Lily of the Valley, the Fly and Bee 
Orchids, the common Rook Rose, the Bloody Crane’s-bill {Geranium 
8anguineum\ Stinking Hellebore {HeUehormfiHidus)^ Traveller’s Joy 
{Clematis)^ Yellow Gentian {Gldoi'a), Campanula (flomerata^ Whit- 
low-grass {]>raha muralis). Dyer’s Weed {Reseda Intea)^ W^ild Flax 
{Linum perenne). Dogwood {Gonim)y Wayfaring Tree {Viburnum 
lantana)i Mouse-ear Hawkweed {llieracinm piloseUa\ Privet {Ligu- 
strum), Verbena, Deadly Nightshade {Atropa), Hound’s Tongue 
(Gynoylossum), Pasquo Flower {Anemone pulsatilla). 


§ 23. Clay-Plants. — Pure clay does not form a soil preferred by 
any flowering plant, and is highly unsuitable to most (see p. 160). 
If mixed with sand, chalk, or humus, however, the soil is much 
improved, and many plants will survive periods of drought on such 
soils, whereas they may perish on more porous ones. Wuch plants 
as Lily of the Valley (<?07ii’aWaWa), Lesser Celandine, Wood Sanicle, 
Coltsfoot, Primrose and Cowslip, Bittersweet {Solanum dulcamara), 
Yellow Dead-nettle {Oaleohdolon), Garlic, Early Purple Orchid 
{Orchis mascvla). Blue-bell {SciUa nutans), are found, in some dis- 
tricts at least, to prefer soils containing a good deal of clay. 

§ 24. Sand-Plants. — These include (a) those plants 
which merely prefer a sandy soil, and (h) those of the sea- 
coast (strand-plants) which have adapted themselves to 
the presence of salt. Many such plants grow equally well 
in ordinary soil, but lose certain of their characteristics, 
and probably would not survive if left open to free 
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competifion. Practically all such plants liave strongly 
xeropliilous characters ; for example, reduced leaf-surface, 
thick fleshy or prickly leaves and stems, stunted habit, 
thick cuticle, deeply sunk stomata, etc. Sand-plants, pure 
and simple, are often very prickly, thorny, or hairy, where- 
as hairs are usually absent or few in number on strand- 
plants. 

As instances of sand-plants, the following may be mentioned : 
Monsetail {Myomrus)^ Sand Spurrey {Spergidaria\ Stork’s Bill 
{Erodimn), Broom, Wormwood {Artemma)^ Golden Rod {Solidago)^ 
Wood Sage [Teucrium), 

§ 25. Strand-Plants. — The plants which grow along 
our shores, either on sand or in mud-flats (salt-marshes), 
are sometimes called Halo^^hytes, or saline plants. They 
either prefer salty soil, or grow here because their competi- 
tors are more sensitive to salt and are unable to follow 
them. All strand-plants are more or less xeropliilous in 
character. The plants are fleshy or leathery, the cuticle is 
thick, the stomata often sunken, and the leaf-surface often 
reduced or spiny. Since high winds often prevail, the 
flowers are usually small, and the seeds are rarely winged, 
but there are exceptions to both these rules : the Sea-poppy 
'has large yellow flowers, and the Sea-thrift has a persistent 
membranous calyx, which forms a funnel-like wing on the 
fruit. 

Coast- vegetation varies according to the nature of the 
soil ; rocky shores, sand-banks, or “ dunes,” and muddy 
salt-marshes have ^ach their own typical plants, though 
there are often transitions from one to the other. On 
rocks and cliffs we And Sea-plantains (Plantago maritima 
with entire fleshy leaves, P. coronopus with lobed hairy 
leaves). Scurvy-grass (Cochlearia), Samphire {Crithmum) , 
Sea-thrift (Armeria) , Sea-campion ( Silene maritima ) . 
^veral of these plants (Thrift, Sea-campion, Scurvy- 
grass, and Plantayo maritima) occur also on high hills 
inland, but not in the low-lying parts between the hills 
and the coast. Their xerophytic adaptation fits them 
equally for both habitats. 
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On sandy shores, close to the sea, we find such plants 
as Sea-poppy {Glaucium luteum)^ Orache {Atri;plex, several 
species), ^a-beet {Beta maritima), Sea-blite {Suaeda), 
Saltwort {Salsola), ^a-convolvulus, Sea-holly 
Sea-purslane {Arenaria peploides), Seakale {Cramhe), Sea- 
rocket {Cakile), Sea-spurge {Euphorbia paralias). Sea- 
milkwort {Olaux, belonging to Primulacese). All these 
plants have either fleshy or leathery leaves, and are either 
annuals, or, if perennial, have long tap-roots or rhizomes 
by whose upward growth the plants keep above the sur- 
face and avoid being buried by the shifting sand. 

Further back from the sea we come to saud-dnnes in 
which grow various grasses and sedges. The most con- 
spicuous grass is the Marram-gi*ass {Ammophila'), whose 
long rhizomes creep in the sand and send up tufts of long 
rigid leaves, the long roots being chiefly developed where 
the leaf- tufts come up ; its leaves roll up when the air is 
dry. Lyme-grass {Elymus) also is common. Along with 
these grasses, and farther inland, come the Sand Sedge 
{Carex arenaria), and other plants, whose creeping stems 
and tufted roots bind the shifting sand and thus prepare 
firmer soil for other plants. Farther from the sea come 
such plants as Eest-haiTow {Ononis), Bird's-foot Trefoil 
{Lotus), Bird’s-foot {Ornithopus), Thyme, Stork’s-bill, 
Stonecrop, Ling, etc. 

On shingle and pebble beaches there is usually a 
rather limited vegetation, and most of the plants have 
long roots which can reach the moist soil below the 
pebbles. Near the sea we usually find various Oraches, 
Sea Beet, Saltwort, Sea Eocket, Sea Spurge, Sea Holly, 
Sea Convolvulus, etc., and further back come various 
plants which are not confined to the seaside, but grow on 
stony places inland as well, e.g, Eest-harrow, Gorse, 
Broom, Dyer’s Greenweed, Silverweed, Burnet Eose, Car- 
line Thistle. The Sea Bladder Campion is a characteristic 
plant on most pebble beaches. 

Salt-Marshes or mud-flats occur chiefly near the 
mouth of a stream, usually not far from sand-dimes, and 
are most extensive in the tidal estuary of a river. The 
vegetation of a salt-marsh is quite ^stinct from that of 
BOT. 28 
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sand-dunes, though a few plants occur in both sand and 
mud — e.g. Sea-milkwort., Sea-plantains, Thrift, Scurvy- 
grass, Suaeda, SaUola. One of the most typical plants of 
salt-marshes is the Marsh Samphire or Glasswoit. (8ali- 
cornia)j which has green or reddish cylindrical and fleshy 
branches, divided into joints, the leaves being represented 
only by small teeth at the joints, where also the very small 
flowers are produced. 

In the wettest parts of the salt-marsh, which are sub- 
merged at high tide, we find, along with Salicomia, a 
Monocotyledon called Zostera, with long narrow floating 
leaves. Farther inland, out of reach of most tides, occur 
such plants as Sea-lavender (Statice), Thrift, Sea-milkwort, 
Sea-plantain, Sea Arrow-grass (Triglochin maritimum), 
Salt Spurrey (Spergularid), S."a-daisy (Aster Tripolium, 
like the Michaelmas Daisy of gardens, but with fleshy 
leaves). Golden Samphire (Inula crithmoides) , 

§ 26. Epiphytes and Climbing Plants. — The charac- 
ters of these groups have already been considered (pp. 83, 
209, 217). Frequently ordinaiy flowering plants, possess- 
ing more or less well-marked xerophytic characters and a 
ready method of seed-dispersal by wind or by birds, are 
found growing on trees in places where humus or soil of 
some kind accumulates. True epiphytes may be dis- 
tinguished from these as being plants which regularly 
grow on other plants, and show more or less special adap- 
tation to the epiphytic habit in the possession of clinging 
roots, etc. Epiphytic flowering plants are not numerous 
in temperate ^gions; their true home is in the damp 
forests of the Tropics. In Britain a few examples of 
epiphytic plants are found amongst the Lichens, Mosses, 
and Ferns; there is no example of a truly epiphytic 
flowering-plant. 

Climbing plants are characterised by their rapid growth, 
which enables them quickly to reach the light, and by the 
feeble development of supporting or strengthening (scle- 
renchymatous) « tissue. Although many examples occur 
in temperate climates, climbing plants are found in the 
greatest profusion in tropical forests. It is by the 
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development of the climbing habit in one or other of its 
forms (p. 83) that many plants, in the struggle for light, 
have been able to maintain their position. 

§ 27. dAxctic and Alpine Plants. — The Arctic-Alpine 
flora is characterised by the small size of the plants, by the 
dwarfing of the shrubs and bushes, and by the relative 
abundance of mosses and lichens. The stunted grow^th of 
the plants is due to the retarding action of light, exposure 
to wind, etc. In the Arctic regions during tlie period 
of growth the illumination is continuous ; while the light 
received by Alpine plants is also extremely strong owing 
to the altitude and the consequent lengthening of the day. 
Most of the plants also show xerophytic adaptations in the 
form of crowded, narrow, fleshy, or hairy leaves, thick 
cuticle, etc., for the low temperature retards root-absorp- 
tion, while the conditions of light, and, in Alpine regions, 
low barometric pressure and high winds, favour increased 
transpiration. Vegetative reproduction is common, and 
many of the flowers are either wind- or self -pollinated. 

Very often a i3lant occurring in the Arctic region is represented 
in several Alpine districts by different species belonging to the 
same genus, although the latter may not occur in the intervening 
tracts of land. I'liis can be explained in one of two ways : (1) the 
temperature was lower in past ages (glacial period) than it is now, 
and Arctic species migrated south : when more genial conditions 
returned the Arctic plants could only find suitable conditions for 
existence on the tops of lofty mountains or in the Arctic regions, 
dying out in the intervening valleys and plains ; (2) genera which 
have enjoyed a temporary success and acquired a wide distribution 
may, if defeated in open competition, take refuge on lofty moun- 
tains where their competitors cannot follow them. In both cases 
originally similar species occupying widely separated localities will 
tend to diverge in progress of time, so that a particular genus may 
be represented by a different species on each of a number of 
mountain ranges. 

Species of Betvla, Salix, Biilnis, Saxifraga^ Vaccinium^ Rhododen- 
droUi and Andrcmieda occur in the Arctic regions. The following 

5 enera are represented in Alpine districts : Ranuncuhts, Primula^ 
unGua, Co/rex, Oentmiui, Saxifraga, Poteiitillay Arahis, Silene, 
AlchemUla, Thalictrumf Arenaria, JSedum, BeUUa, Salix, Vaccimum, 
Rhododendron, In most cases these genera are represented by 
Alpine species, i,e, by species limited to such regions. 
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§ 28. Woodland Vegetation. — The vegetation of a wood 
consists of (1) the “canopy” or foliage surface of the 
dominant aiid sub-dominant trees tliemselves, (2) the 
“undeiwood” of shrubs and small trees, (3) the under- 
growth of herbaceous flowering plants, (4) the carpet 
of mosses, liverworts, and fungi, (5) the shrubby and 
herbaceous plants at the edges of the wood, and finally 
the very important but often overlooked teeming population 
(vegetable and animal) of the soil itself. 

A wood is a very complex plant-community, showing 
much greater division of labour and specialisation among 
the constituent plants than is seen, for instance, in a moor 
or a marsh. There is evidently a keen struggle for exis- 
tence. The formation of a wood can only take place if the 
conditions are favourable with regard to light, moisture, 
shelter, and soil, while the cbmatic conditions in a wood 
differ markedly from those obtaining in open country. 

Light is one of the most important factors in the biology 
of a wood. Woods consisting of Beech, Sycamore, Ash, 
and Elm may be called shade-areas, wliile those consisting 
of Oak and Birch are light-areas. 

In the former cases the trees, especially the Beech, by 
their dense branching and close leaf arrangement, cast a 
deep shade in which few other trees or shrubs or even 
herbs can grow, the seedlings of all except shade-enduring 
plants being killed off. In the latter case the trees have a 
less perfect leaf-mosaic, and while affording protection to 
the undergrowth admit a larger amount of light. The 
diffei'ence in the amount and variety of undergrowth in a 
dense Beech wood and in a well-lighted Oak or Birch 
wood is very' striking; even under a small clump of 
Beeches, or a single large Beech, there are very few plants. 
The struggle for existence in a wood is largely a struggle 
for light. 

The character of the trees depends largely on the soil. Woods 
are named according to the dominant tree or trees. 

The underwood varies according to the shade cast by the trees. 
In an open wood it is abundant and is composed largely of 
Rosaceous plants like Bramble, Raspberry, Roses, Sloe, Hawthorn, 
Bird Cherry, also Dogwood, Guelder Rose, Holly, etc., besides 
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climbers like Ivy and Honeysuckle. In a pure Beech wood it may 
disappear altogether or be represented by Honeysuckle and a few 
Brambles. 

The herbaceous undergrowtii varies with the rrtount of shade 
and the nature of the soil. In fairly open woods it includes various 
grasses (e.g. Melica, Milium^ Holcua mollis), Woodrush, Bluebell, 
Wood Anemone, Garlic, Pignut, Dog’s Mercury, Wood Sorrel, 
Wood Spurge, Sanicle, etc. Most of the plants have rhizomes 
or bulbs. In a dense Beech wood the undergrowth may be reduced 
to a few shade-enduring plants like Sanicle, Woodrush, Wood 
Sorrel, etc., and in the deep rich humus the Bird’s-nest Orchids 
and the Bird’s-nest. Bracken, Bell Heath, Tormentil, and xero- 
philous grasses occur in dry woods. 

The succession of flowers throughout the year should be noticed 
and the reasons for their late or e^irly appearance souglit for. The 
chief factors to be considered arc liglit, moisture, temperature, 
habit of growth, and the time of appearance of insects. 

The plants at the edge of the wood should be similarly studied. 
Plants like Foxglove, Agrimony, Avena arc commonly found. 


§ 29. Hedges. — Many sliade-plants grow in hedgerows, 
the flora of whicli presents several interesting features. 
At the top of a hedge-bank the light is very feeble and the 
soil dry. Now all plants which grow in dry soils require 
plenty of light, so that the only plants which can develop 
at the top of the hedge-bank are either plants with long 
erect stems, such as tlie Hedge-mustard, Nettle, or Thistle, 
or climbing plants such as Convolvulus, Hop, Clematis, 
Goosegrass. Lower down the hedge-bank, where there is 
more moisture and light, a great variety of plants may 
develop, while in the shady ditch beneath we may find at 
the sides Cuckoo-pint {Arum maculatum), Lady's-smock 
{Gardamine 'pratensis), etc., and in the water of the ditch 
the Water-buttercup, Water-cress, Duckweed, and other 
aquatic or amphibious plants. 

Certain plants such as Poppies and Sun Spurges cannot 
survive under a shady hedge. Others, such as the Garlic, 
Adoxa, Violet, grow well by fairly damp hedgerows. 
Others again, such as Erodium, Geranium, etc., will grow 
well on the sides of dry hedgerows provided they are 
freely exposed to light. 

The hedge itself most commonly consists of Hawthorn, 
but often of Gorse, Bramble, Sloe, or of small trees like 
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Willow or Hazel. These have usually been planted, as 
have, of course, the hedges consisting of shrubs like Laurels, 
Privet, Rhododendron, etc., around parks and plantations. 
Notice that plants like Dead-nettles, Yellow Toadflax, 
Campions, Stitchwort, when growing close to the Hawthorn 
(or other shrub forming the hedge) push up between the 
branches and have long weak stems, although the same 
species, when growing some distance from the hedge, has 
short erect stems with closely arranged leaves. Cases like 
these suggest the way in which plants, originally erect and 
self-supporting, may have become climbers through lack of 
light and the presence of a suitable support. 

It is very interesting to compare the nature and general 
appearance or ‘"habit” of the plants growing along the 
north and south sides of a hedge which runs east and west. 
The south side is, of course, warmer, drier, and receives 
more light, and various plants grow on this side that either 
do not grow at all on the north side, or are found there in 
smaller numbers, and showing less luxuriant growth. 

In highly cultivated countries the hedgerows form one 
of the most important refuges of the original wild plants 
which covered the country before the advent of the plough. 
The other chief refuges are by the sides of streams, in 
stony waste places, and in permanent pastures. 

§ 30. Field Observations. — It cannot be too strongly 
insisted upon, that outdoor observations are absolutely 
essential in studying the distribution of plants and their 
adaptations to environment. To study Plant Ecology with 
success it is nec^sary to have a good general knowledge of 
British wild flowering-plants, which can only be acquired 
by collecting and identifying, as far as possible, all the 
plants met with. For this purpose it will be well for the 
student to provide himself with a “ Flora ” such as 
Bentham and Hooker’s British Flora, Much useful infor- 
mation will also be found in WiUis* Flowering Plants and 
Ferns (Cambridge Natural Science Manuals). At first 
attention may be confined to the common plants (such as 
are dealt with in Chapter XIII.), and to those which show 
well-marked adaptations to their environment, and which 
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occur chiefly in sharply defined “plant associations/’ e.g, 
water-plants, heath-plants, coast-plants. 

The student cannot do better than begin field observa- 
tions on some definite and fairly uniform ar&t (e,g. a sea- 
shore ; pond, marsh, river-bank ; heath, common, moor ; 
meadow, cultivated field or garden with its weeds ; hedgerow, 
wood or plantation with its trees and undergrowth, etc.). 
Study this area at all times of the year, identify as many 
of the plants as possible, and keep a careful record, with 
sketches, of your observations. The following hints will 
suggest the main lines on which the inquiry should be 
conducted ; others will occur as your field-work progresses. 

(1) Physical and climatic features of the area under 
observation {e.g. chemical and physical nature of the soil ; 
whether retentive and iU drained or porous and well 
drained; height above sea-level; exposure to, or sheltei 
from, light and wind, etc.). 

(2) List of the most abundant plants in the area, with 
notes (and sketches) on the following points in each case : — 
General habit and mode of life (whether annual, perennial, 
erect, creeping, climbing, xerophytic, aquatic, saprophytic, 
parasitic, etc.) ; size, form, texture, etc., of leaves ; structure 
of flowers, with special reference to mode of pollination; 
structure of fruits, with special reference to mode of seed- 
dispersal, quantity of seed produced, etc. 

(3) Reasons why certain species are present in the area 
under consideration and absent from neighbouring areas, 
and vice versa. To determine these, compare the physical 
features of the different areas, and try to map out the 
whole district into regions characterised by definite plant 
associations, which will, of course, be found to merge into 
one another at their edges. 



PAKT IV.-THE LOWER CRYP- 
TOGAMS. 


CHAPTER XIX. 

LIVEKWORTS AND MOSSES. 

§ 1. The Group Bryophyta or ICuscineae is divided 
into two Classes — the Kepaticso or Liverworts, and the 
Mnsci or Mosses (see p. 4). We shall consider Pellia as 
a type of the former, Funaria as a typo of the latter. 


A. Pellia bpiphylla. 

§ 2. External Characters and General Life-his< 
tory. — Pellia is found in various situations on damp 
ground. It is most frequently met with by the side of 
ditches, streams, or springs, sometimes submerged in the 
water. Each individual plant is a small, green, dorsiventral, 
dichotomously Branching thallns (p. 7), from the under 
(ventral) surface of which numerous unicellular, hair-like 
rhizoids are developed. The form of the thallus varies 
much under different conditions. The plants always grow 
in patches (Fig. 242), in which it is difficult to distinguish 
the individuals. 

Sexual organs, antheridia and archegonia, are de- 
veloped on the upper (dorsal) surface of the thallus 
(Pigs. 244-246). The resemblance of the thallus to the 
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prothallusof tlie Fern will be at once observed, notwithstand- 
ing the difference in size, the branching, and the different 
position of the sexual organs. The thallus of Pellia, being 
the gametophyte, is equivalent to, i.e, homologous with, 
the prothallus of the Fern. 

This is an important point, 
and must be carefully borne 
in mind. The antheridia 
and archegonia are usually 
borne on the same plant, so 
that this species of Pellia 
is monoecious.* They may 
be on the same branch of 
the thallus (Fig. 245), or, 
as frequently happens, on 
different branches. 

The oospore produced 
by the fertilisation of the 
oosphere of the archegoni- 
um develops into a struc- 
ture called the sporogo- 
nium (Figs. 242, 249, 250), which gives rise to asexual 
spores. From the asexual spore a new gametophyte is 
produced. 

Evidently the sporogonium is the homologue of the 
sporophyte of the higher plants. It consists of a capsule 
borne on a stalk or seta, at the lower end of which is an 
absorbing organ called the foot, embedded in the tissue of 
the thallus. It thus shows a rudimentary differentiation 
into root (foot) and shoot (stalk and capsule), but the 
shoot is not differentiated into stem and leaves. The 
sporophyte generation in Liverworts is parasitic on the 
gametophyte. 

In many Liverworts the gametophyte reproduces it- 
self vegetatively by means of multicellular buds called 
gemmse. This does not occur in Pellia, but new branches 
may arise adventitiously from single superficial cells of 
the thallus. 



Fig. 242.” rEi.iJA Ki'ii'iivi.i.A. 

With young sporogoiiia still enclosed in 
the calyptras. 


* Many Liverworts are dioecious. 
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§ 3. Structure of the Thallus. — The thallus, as a rule, 
does not have a distinctly marked midrib, although a 
transverse section (Fig. 243) shows that the tissue of which 
it consists is thickened in the middle and thins off to a 
single layer at the margins. It consists entirely of 
parenchymatous cells containing numerous chloroplasts 
and starch- grains. The chloroplasts are most abundant in 
the cells near the surface. 



Fig. 243. — Pri.lia EPipnYi.i.A. 

Tnin.svei'se jscctioii thi'oiigli central region of the thalliui. 


In some parts, more especially in the older thalli, the 
cell- walls may bear characteristic band-like thickenings. 
There are no dorriata. True stomata are not developed on 
any gametophyte. The absence of vascular tissue also 
should be specially noticed (see p. 20). 

There are no roots. The unicellular rhizoids (also 
called root-hairs)^ whose function is to fix the plant and 
absorb inorganic solutions, are simply long tubular out- 
growths of the cells of the lower surface. When fully 
formed they are brown. They are chiefly developed from 
the thickened central region of the thallus. 

At the tip of each branch of the thallus there is a growing point 
with a single two-sided apical cell, from which segments are succes- 
sively cut off.* Owing to the more rapid growth of the marginal 


^ In many Liverworts there is^a group of apical cells. 
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cells, the growing point is sunk in a little depression (cf. prothallus 
in Fern). In the process of branching, one of the segments cut off 
becomes a new apical cell. The cells of the lower surface near the 
growing point form short-lived glandular hairs, ^hich serve by 
secreting mucilage to keep the growing point moist. 


§ 4. The antheridia make their appearance on the 
thallus about the end. of April or beginning of May, and 
their development in each 

plant precedes that of the INVOLUCRE 


archegonia. Their posi- 
tion is indicated by a 
number of light-coloured 
dots scattered over the 
thick central region of 
the dorsal surface (Fig. 
244, a) . A section of the 
thallus passing through 
one of these shows that 



Fig. 244.— Pkm.[a ei»iphyi.la. 
Rmnchea of tlialluH: A, with Anthovidia; 
n, with Aiohegonia. 


the antheridium is a 


rounded capsule borne on a short multicellular stalk, 
and that it is enclosed in a flask- shaped cavity which has 
an opening on the surface of the thallus (Figs. 245, 246 a). 
The wall of the capsule consists of a single layer of cells, 
containing chloroplasts. Inside there is a mass of sper- 
matocytes, each of which gives rise when liberated to a 
biciliate spermatozoid (Fig. 246, b). 


In the development of the antheridium a young cell grows out 
from the upper surface of the thallus, and is divided into tM^o by a 
transverse wall. The lower cell forms the stalk ; the upper, the 
c^sule. By a series of divisions the wall of the capsule is marked 
ofle from a group of central cells, from which the spermatocytes are 
developed. The flask-shaped cavity in which the antheridium is 
enclosed is formed by the growth of the surrounding tissue of the 
thallus. The spermatozoid is developed, as in the Fern, chiefly 
from the nucleus of the mother-cell, and at first bears a posterior 
vesicle (see p. 352). 


§ 5. The archegonia are developed on a little thickened 
cushion of tissue called the receptacle, which is formed 
just behind the growing point (Figs. 244 b, 245). A 
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growth of the tissue of the thallus, arising from behind the 
receptacle, arches over and protects the archegonia. It is 
called the iqjrolacre. The receptacle bears a group of 
archegonia. Each is borne on a very short, stout stalk, 
and consists of a dilated venter and a long neck (Fig. 
246, c). The wall of the venter, when fully developed. 


ARCHEGONIUM 



Fig. 245.— Prllia kpiphvlla. 

Longitudinal vertical section of a branch bearing antlioridia and archegonia. 


consists of two layers of cells,* It contains the oosphere 
and a small ventral canal-cell. In the canal of the neck 
there is a row of ^eck-canal-cells. 

The neck consists of about six longitudinal rows of cells 
surrounding the canal. The terminal cells, called lid-cells, 
are at first united, so that in the young archegonium the 
apex of the neck is closed. When the archegonium is 
mature the ventral canal-cell and the row of ncck-canal- 
cells become disorganised, and are converted into mucilage, 
which absorbs water, forces open the lid-cells, and oozes 
out of the neck. 


* In many Liverworts there is one layer only. 
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The arcliegonium is developed as a protuberdhcc from a single 
cell (Fig. 247). 1 his grows out, and is cut off from a basal 
a transverse wall. The basal 
cell undergoes a few divi- 
sions and forms the stalk. 

The other cell is the mother- 
cell of the arcliegonium. It 
is divided by three longitu- 
dinal walls into three ptri- 
pheral cells and one cerUral 
cell. Tlie central cell over- 
tops the peripheial cells, and 
its apical portion is cut oil as 
the lid-cell, which afterwaitis 
by further division forms the 
four lid-cells of the neck, ar- 
ranged like a cross. The 
eripheral cells are further 
ivided longitudinally into 
six, which are called envelope- 
cells. 

The six envelope-cells and 
the single central cell are 
then divided transversely 
into two storeys. The lower 
storey forms the venter ; its envelope-cells further divide to form 
the wall ; its central cell divides into oosphere and ventral canal- 
cell. The upper storey 
forms the neck ; tis central 
cell forms by division the 
row of neck -canal-cells. 
The differences in this de- 
velopment as compared 
with the devcloi)ment in 
the Fern should be care- 
fully noticed. 

§ 6. Fertilisation 
and Development of 
Sporogoninm. — Ferti- 
lisation takes place 
wlien the plants are wet 
with rain or dew, and 
is effected in exactly 
the same way as in the Fern. The antheridium bursts at 
the apex, and the spermatozoids are set free. They are 
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Fig. 247.— Develovmknt of Archeoonium 
OF Pklija. 
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Fig. 24(5. — Pelija Ei’IPHYLla. 
Aiitlieridiuiu containing spermatocytes ; 
n, A spermatuzoid ; C, Archegonium. 
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attracted to the archegonia by some organic substance 
present in the mucilage which oozes out of the neck. 

The eifects of fertilisation are 
not confined to the oospore. The 
venter of the archegonium, and also 
the tissue of the receptacle, continue 
to grow, and form an investment, 
called the calyptra, round the 
developing embryo (Fig. 249) . Only 
one sporogonium is developed on 
HYPOBASAL CELL receptacle. The other arche- 

„ gonia are abortive, and are fre- 

. , , quently seen on that part of the 

calyptra wliich is formed from the 
cells =-:Endot}iecium.) rCCCptacle (Fig. 249). 

The oospore is first divided by a 
transverse or basal wall into epibasal and hypobasal 
cells. In many Liverworts the absorbing organ or foot is 

RECEPTACLE INVOLUCRE 



Fig. 24P.— Pbllia epiphylla. 

Longitudinal section through young spoi^goniuro still enclosed in calyptra. 
(Calyptra — growth of receptacle + wall of arch^oniiim.) 


developed from the hypobasal cell (cf . the Fern, p. 368) ; 
but in Pellia this cell undergoes no further development, 
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and the whole of the sporogonium is developed from tlie 
epibasal cell. It is divided transversely into two cells — an 
upper cell from which the capsule of the sporogonium is de- 
veloped, and a lower cell which gives rise to tlie stalk or seta. 

Further divisions follow in both (Fig. 248). The lower 
end of the seta develops into a largo bulbous haiistorium 
or absorbing organ embedded in the tissue of the thallus 
(Fig. 249). Being epibasal in origin, it is called a false 
foot. In the capsule a series of walls parallel to the surface 
mark off a peripheral layer of cells, the amphithecmm, 
from a central gi*oup called the endothecinm (Fig. 248). 
The wall of the capsule is formed from the amphithecium. 
In young stages it consists of several layers of cells, but in 
the fully developed sporogonium there are only two. 

The peripheral region of the endothecium constitutes the 
archesporinm. Some of the cells remain sterile; they 
become long and slender, 


and a double spiral thick- 
ening is developed on their 
walls. These curiously 
modified cells are called 
elaters (Fig. 251). The 
remaining cells of the 
archesporium are spore 
mother-cells which give 
rise by the usual tetrad 
division to the spores. 

The sterile central re- 
gion of the endothecium 
develops into a structure 
called the elaterophore, 
consisting of a series of 
threads springing from 



Fig. 250.— Pki.lia kmimiylla. 

With ripe sporogouia. (Two of them have 
shed their spoi^fi.) 


the base of the capsule 

(Fig. 249). The elaterophore and elaters may in the 
young capsule help in the nutrition of the spores; but 
later, when the capsule bursts, they are capable of move- 
ment, owing to tiieir hygroscopic properties, and thus 


aid in scattering the spores.* 


* In most Liverworts there is no elaterophore. 
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The development of the sporogonium in Pellia is not 
completed till nearly a year after the fertilisation of the 
oosphere. Early in the following year (January or Feb- 
ruary) the heads of the young sporogonia protrude from 
under the involucres, but they are still enclosed in the 

calyptras (Figs. 242, 249). It 
is not till the end of April or 
the beginning of May that a 
very rapid elongation of the 
stalk causes the rupture of the 
calyptra, and raises the glossy 
black capsule into the air. By 
this time the thallus has re- 
commenced its growth, and has 
already begun to form antheri- 
dia and archegonia. 

The dehiscence of the capsule soon follows. It is 
brought about by the inner layer of cells, the walls of 
which show curious reticulate markings. The capsule 
separates into four valves, and the spores are liberated 
(Fig. 250). 

§ 7. Germination of the Spores. — The spores of Pellia 
(Fig. 251) are exceptional, in that they undergo division 
while still inside the capsule, and without rupture of the 
exosporium. The result of division is the formation of a 
small oval mass of cells wliich are rich in protoplasm and 
chloroplasts. 

GTrowth is continued after the spore is liberated, and a 
root-hair (rhizoi^ is usually developed from one end. 
This small, multicellular structure is called the pro- 
tbnema. The young Pellia plant arises from it as a lateral 
outgrowth. A two-sided apical cell cut off from one of the 
cells of the protonema forms the growing point of the new 
thallus. 

It will be noticed that the development of the plant is 
indirect or heteroblastic. It is preceded by a pro- 
embryo, the protonema. This is characteristic of Muscineee. 
A trace of it is probably to be recognised in the early fila- 
mentous stage of the Fern-prothallus. 



Fig. 201. — Tw<; Sporks and an 
Elatkr ok rEi.HA. 
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The life-history of Pellia is represented graphically in 
Fig. 252. 




SPOROGONIUM 


OOSPHERE SPERMZD. 

t t 

ARCHEG. ANTH^ 


1/ 


^ protonema plant 

/^GAMETOPHYTE)^V 

^ VEG. REPROD*^ ^ 

Fig. 252.— LiFK-nisTORV ok Musc inK/K. 

In aoiuo tUo gutuetnpliyte ia ro|)icaented by twi) plants. 


B. Fdnaeia hygrometrica. 


§ 8. External Characters (Fig. 253 ). — Funaria is a 
common moss which grows in dense 
tufts or patches on the surface of 
the ground, often on the tops of § ^ ' theca 

walls. The plants are small, being z / 
scarcely half an inch in height. They 8L-- seta 
are differentiated into stem and leaf S \ 

(leafy shoot), but there is no true 2 \ 

root. The dark-coloured base of the ^ \ 

shoot gives off numerous slender, 

brown, mwZiiceW'RZar rhizoids, which ‘-'.moss 

pass down into the soil. The leaves 

are simple and more or less ovate. 

They show a distinct midrib, and RHIZOIDS 

have a f spiral phyllotaxis. There . 
is comparatively little branching ; it 
is lateral, but not axillary ; the 
branches are given off beneath the leaves. 


vMOSS 

PLANT 


Fig. 253. — PuWARiA WITH 
Spohoqonium. 


29 
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§ 9. General Life-history. — The plant, as in the 
Hepaticflo, is the gametophyte, hut is much more highly 
differentiated. In the Mosses the gametophyte attains a 
high degree of developmeiit. The antheridia and arche- 
gonia are borne at the apices of the shoots, concealed 
amongst the leaves of the apical bud (Fig. 266). Fmiaria 
is monoecious. The apical buds containing antheridia can 
be more or less easily distinguished, as their leaves spread 
out and form rosette-like structures called perigonia or 
perichcetia. The central leaves of the rosette are often 
reddish in colour. The shoots bearing archegonia spring 
from the bases of the male shoots ; tlieir apical, buds are 
not specially distinguished. 

It should be carefully noticed that tlie stem and leaves 
of the moss are not homologous with, but only analogous 
to, the stem and leaves of the fern-plant ; they belong to 
different generations. 

In Mosses, as in Hepaticoo, the sporophyte generation is 
ropi*esented by a sporogoninm derived from tlie fertilised 
ovum. The sporogoniuin (Fig. 263) is rather more highly 
differentiated, and consists of a capsule or theca, a stalk 
called the seta, and a foot. 

The asexually produced spore gives rise to a protonema 
(Fig. 260), which, however, is a much larger and longer- 
lived structure than that of Hepaticje. It is a much- 
branched filament bearing an external resemblance to a 
green alga. The cells of most of the branches contain 
numerous chloroplasts, while others pass down into the soil, 
and are not to be distinguished from rhizoids. The rhizoids 
of many mosses may in fact form protonemata. The moss- 
plant is developed on the protonema as a lateral bud. The 
protonema continues to grow for some time, and produces 
numerous plants. Thus, as in Hepaticse, the development 
of the gametophyte from the asexual spore is indirect, 

Funaria has great powers of vegetative reproduction. 
Protonemata may be produced from any part — rhizoids, 
stem, leaf, and even from the sporogonium. In the last 
case we have an instance of apospory (p. 356). Some 
mosses form multicellular gemmse, but this is not the case 
in FnnariOf, 
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§ 10. Structure of the Stem (Fig. 254). — The outer- 
most layer of cells of the stem is marked off as an “ ejjtder- 
jniis'' Beneath this is a many-layered cortical region, 
surrounding a central strand of elongated thin- walled 
cells. 

The cells of the cortex contain chloroplasts, and in the 
outer region their walls are thickened. The central strand 



Fig. 2.51.— Stkm of a Moss, 
(Transvcivc section.) 


is a conducting tissue, and must he considered as repre- 
senting a rudimentary vascular cylinder^ analogous to the 
stele of the sporophyte in higher types. In some mosses, 
such as Polytrichum, but not in Funaria, the conducting 
strand shows a central region of thick-walled cells sur- 
rounded by a region of thin-walled cells. This would be 
analogous to the differentiation into xylem and phloem. 

The growth of the stem in Mosses is effected by a three-sided 
apical cell like that of the Fern. The segments cut off from it divide 
into inner and outer halves, of which the former give rise to the 
central eondiioting tissue. Each outer half is divided into upper and 
lower parts. Tlie upper part protrudes as a two-sided apical cell, and 
develops into a leaf. The lower part forms the cortical tissue of an 
internee. If branching occurs, the branch is formed from this lower 
part. 
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§ 11. Structure of the Leaf (Fig. 255). — Except at the 
midrib the leaf consists of a single layer of cells containing 
chloroplasts. o This is the assimilating tissue. The leaf 
is thickened at the midrib, which contains a strand of thin- 
walled conducting cells like those of the stem. In some 


LEAF LAMINA ANTHERIDIA PARAPHYSES 



Fig. 255.— Ai’ex of Mai.e Shoot of Funauia. 
(LongitiuUnal section.) 


mosses these strands join on to the central strand of the 
stem, but in Funaria this is not the case ; here there are no 
leaf-traces, 7 

§ 12. The Autheridia (Figs. 255, 256 a) are club- 
shaped bodies, borne on stout multicellular stalks. The 
wall of each consists of a single layer of cells, within which 
are numerous spermatocytee. On the access of water the 
antheridium bursts at the apex, and the spermatocytes 
are liberated. Their walls become mucilaginous, and the 
spermatozoids (Fig. 256, c) escape. They are biciliate 
like those of Hepaticse. 
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The antheridia are developed from single cells at the apex of the 
shoot, including even the apical cell. The cell grows out, and is 
divided into two. Tlio lower 


cell forms the stalk. The upper 
gi:ows like an apical cell, and 
gives off two series of segments, 
which arc divided into central 
cells, from which the spermato* 
cytes are developed, and peri- 
pheral cells forming the wall. 
This mode of apical growth, 
which is characteristic of Moss- 
es, is unusual. 

§ 13. The Archegonium 

(Fig. 256, d) is like that of 
HepaticiB ; but the stalk is 
more strongly develoi^ed. 
The wall of the venter con- 
sists of two layers of cells. 
There is a long twisted neck, 
consisting of six longitudi- 
nal rows of cells, surround- 
ing the central canal. 



The archegonium (Fig. 257) is 25().-Skxual Groans of Pcnaria- 

developed from a single cell, Antheridium ; D, Aivhegoninni, 

which may be the apical cell of 

the shoot. Tlie cell grows out, and the protuberance is divided 
into two. The lower cell forms the stalk. The upper cell functions 

as an apical cell. It shows con- 

Q -- APICAL CELL tinned growth, and gives off 

segments forming, after further 
- - STALK-CELL division, tiers of cells, each tier 


APICAL CELL. 

I -PERIPHERAL CELL 

r* LOWEST CENTRAL 
CELL 
-- STALK 


Fig. 257. — Drvklopment op Arche- 
gonium OF Moss. 



consisting of a central cell and 
surrounding peripheral cells. 
The lowest central cell forms 
the oosphere and ventral canal- 
cell ; the other central cells form 
the neck-canal-cells. The peri- 
pheral cells form the cells of the 
neck and venter. Here also 
the continued apical growth is 


highly remarkable. 

The ventral canal-cell and neck-canal-cells are to be regarded as 


funotionless female gametes. 
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§ 14. Fertilisation is effected in the usual way. The 
spermatozoids make their way to the archegonia when the 
plants are wet with dew or luin. Tlie attracting substance 
here seems to be cane-sugar. The oospore develops into 
the sporogoiiium. 

§ 15. Structure of Sporogonium (Fig. 253). — The 
sporogoiiium representing the sporophyte generation is 
differentiated into root and shoot, but not into stem and 
leaves. It consists of foot, seta, and capsule. The foot 
(Fig. 259, e) is a small conical structure which buries 
itself in the ajiex of the female shoot, and serves for the 
absorption of nutriment. It is invested by a membranous 
sheath, the vaginulUf representing the lower half of the 
archegonium, which is ruptured during the development of 
the sporogonium. The seta is a long slender structure of 
a reddish colour. It has an “ epidermis,’^ a thick-walled 
cortex, and a conducting strand like that of the moss- 
plant. 

The capsule (Fig. 258) is a pear-shajied structure. Its 
solid basal region is called the apophysis. The epidermis 
of the apophysis has time stomata. At each end of the pore 
.the wall between the two guard-cells breaks down, so that 
the pore seems to be surrounded by a single ring-shaped 
cell. The parenchymatous cells beneath the epidermis 
contain chloroplasts. The conducting strand of the seta 
is continued into the apophysis. It has been proved that 
the sporogonium can assimilate all the carbon that it 
requires, so that only inorganic solutions are absorbed by 
the foot. It may be regarded as only semi-parasitic. 

The wall ofTthe capsule consists of several layers of 
cells; the inner layers contain chloroplasts. Internal to 
this is a large air-space traversed by delicate strands of 
cells. Next comes the spore-sac, suiTounding a sterile 
central column, the columella. The outer wall of the 
spore-sac consists of two or three layers of cells. The inner 
wall lies next the columella. " 

At the apex of the capsule is a sort of lid, the oper- 
culum, which separates off when the capsule dehisces. 
The dehiscence is effected by the rupture of a ring of 
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peristome are joined at their tips by a small disc of tissue. 
The apex of the capsule is covered by a membranous cap, 
the calyptra (Fig. 259, b), representing the upper half of 
the ruptured*archegonium. 

§ 16. Development of Sporogfoninm (Fig. 259). — The 
oospore is first divided by a basal wall into hypo- and 
epi-basal cells. By further division a two-sided apical 
cell is formed at each end. The two rows of segments cut 



Pig. 25J>.— DKVEf/iI'MKNT OF SpOROOONIUM OF FUNAIIIA, 
J3, C, D, transvoi'se sections ; D, in region of Ca 2 )siile. 


off from the apical cell at the hypobasal end form the foot 
(a). The epibasal half also forms two rows of segments 
(a, b). The S^eginents are divided into outer and inner 
halves (a, c). In the region of the seta the inner halves 
form the central conducting tissue ; the outer halves the 
cortical tissue. In the region of the capsule, which is not 
distinctly marked off from the seta till the embryo has 
elongated considerably, the outer halves constitute the 
ampbitbecinm ; the inner halves the endotbecium (d). 

The archesporium is the outermost layer of the endo- 
thecium, the rest of the endothecium forming the columella. 
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Everything outside the sporogenous tissue, including the 
outer wall of the spore-sac, is derived from the amphi- 
theciuin. The operculum slowly differentiates, and the 
innermost * layer of the amphitheciuni over the region 
covered by the operculum gives rise to the peristome. The 
archegonium is ruptured during the elongation of the 
sporogoniuin. The spores are developed from the mother- 
cells in the usual way. There are no elaters. 

§ 17. Germination of the Spore (Pig. 260). — When 
the spore germi- 
nates, the exospor- 
ium is ruptured and 
the endosporium 
grows out at each 
end into a germ- 
tube. At one end 
the germ-tube forms 
a rhizoid. The 
other develops into 
the protonema. 

The growth of each 
branch of the pro- 
tonema is effected 
by means of its 
apical cell. 

§ 18. The Toung 
Moss-plant (Pig. 260) arises as a little bud from a cell 
of the protonema close to a septum. In this protuber- 
ance oblique divisions apj>ear, and those separate the 
apical cell of the young plant from those which give rise 
to the first leaf and the first rhizoid. 

The life-history is represented graphically in Pig. 252. 

§ 19. Summary and Conclusions. — Thus, in the Eryo- 
phyta, tliere is a distinct alternation of generations. The 
gainetophyte is the plant) the sporophyte generation is 
represented by a sporogonium parasitic or semi-parasitic 
on the gainetophyte. The relative importance of the two 



Fig. 2(i0. — A, (JKRsrixATivrj »Si’(»iie; JJ, Proto- 

NKM.\ OK FrNARIA. 
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generations has been reversed as compared with what we 
find in Vascular Cryptogams and Flowering Plants. The 
sporophyte is practically only a sporogenous capsule ; there 
are no distinct sporangia. A seta is developed simply to 
elevate the capsule, and a foot to absorb noui’ishment. 

It is only in some Liverworts that the plant-body is a 
thallus ; ill the great majority it is differentiated into stem 
and leaves. In Liverworts the protonema, if developed at 
all, is small and short-lived, elaters are usually present, 
and, except in one genus {Antlioceros) , there is no columella. 
In Mosses the protonema is well developed; there is a 
columella, but no elaters. 

Antheridia and archegonia are the characteristic sexual 
organs of tlie Bryophyta and Pteridophyta. For this 
reason the two groups are together spoken of as the 
Archegoniatse, 

§ 20. Relationship of Bryophyta to Pteridophyta. — Thero 
is a very wide gap between the Bryophyta and the Bteridophyta — 
wider even than tliat between the 'Pteridophyta and Phanerogams. 
Nevertheless, tlic homologies discernible between the two groiijis — 
C./7. the alternation of generations, the similarity in the gcmml 
course of the life-history, the devcloi)mcnt of the spores, etc. — leave 
no doubt that they are genetically connected, in other words, that 
the two groups are descended from common ancestors. There is 
reason to believe that the thalloid Hepaticie are the living forms 
which most nearly approach the primitive ancestral forms. While 
the Pteridophj^ta would represent the main line of evolution along 
which the sporophyte became more highly differentiated, the Liver- 
worts and Mosses would represent divergent lines along which the 
gametoijhyte attained a comparatively high development. 

§ 21. Origin and Evolution of the Sporophyte. — A con- 
sideration of tlie sjSiiple organisation of the sporogonium of Bryo- 
phyta naturally suggests questions as to the origin of the sporophyte 
generation, and to the stages through wJiich it passed in the course 
of its evolution till it became the conspicuous generation (the plant) 
in the higher groups. 

It is liow held by many that the sporophyte is a stage in the 
life-history intercalated in the course of evolution between two 
successive gamotoijhytcs, and that its origin and development are 
associated with the adaptation to aerial conditions which ensued 
when the primitive aquatic plants began to encroach on the land. 
We may assume that in these primitive plants, as in many Algte at 
the present day, there was no sporophyte, and that the oospore 
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developed immediately into a new'gametophyto. In this case the 
reduction in the number of chromosomes (r^iicing division, p. 44) 
would take place at the first division of the oospore. The first step 
in the development of a sporophyte, initiated probably by the reduc- 
ing division being delayed, consisted, it is believed, in the oospore 
breaking up into a number of small spores each capable of giving 
rise to a gametophyte. Examples of such subdivision are found in 
many Algae, and its advantage to plants beginning to encroacli on 
conditions which endangered the fertilisation-process is obvious. 

As adaptation to land conditions proceeded there would doubtless 
be an increase in the number of spores, as an increased output would 
bo an advantage in the struggle for existence. This increase, how- 
ever, could not go on indefinitely unless suitable provision were 
made for the nourishment, protection, and scattering of the spores. 
Tlie further progress of the sporophyte cannot be traced with any 
certainty, but a study of the sporogonium in Bryophyta suggests 
what arc believed on various grounds to be the more important 
factors in the process. 

^ In Biccia, one of the simplest Liverworts, the si)orogonium is 
simply a spherical capsule containing spores. In most of the Bryo- 
phyta, however, there is a distinction of base and apex and a foot 
IS developed. In the Liverworts the function of tlie elaters is partly 
to nourish the spores, and partly to help in their dispersal. The 
central columella of Mosses serves as a tissue conducting nourish- 
ment ; and, owing to its development, the spores arc produced from 
the more external tissues, with the result that their disjjersal is 
facilitated. These parts, foot, elaters, columella, have evidently 
been derived from tissue originally sporogenous. Here we trace 
the beginnings of the vegetative system in the sporophyte ; owing 
to its development the formation of spores is postponed, their 
immediate formation being no longer an urgent necessity. In most 
Liverworts nourishment is supplied chiefly by the gametophyte ; but 
in Anthoceros and in Mosses the capsule contains chloropliyll and 
bears stomata, so that the sporophyte largely helps in j)roviding 
nourishment. 

So far wc have recognised what are regarded as three important 
factors in the evolution of the sporophyte : — (a) sterilisation of 
tissue originally sporogenous, leading to the development of a 
vegetative system ; {h) the consequent postponement of spore-pro- 
duction ; (c) the superficial development of spores owing to sterilisa- 
tion of central tissue. 

Along the Ptcridophyte line, however, the operation of these 
factors was supplemented by that of others, which liavo been 
indicated by various converging lines of evidence ; — 

(1) Provision was made for more extensive formation of vegeta- 
tive tissue, and further postponement of spore-formation by the 
development of an apical growing point. In this connection the 
growth of the sporogonium of Mosses by means of an apical cell 
should be noticed. 
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(2) The nutrition of the spores was undertaken more and more 
completely by tlie sporophyte. The development of leaves and 
roots would be correlated with this. The root was undoubtedly a 
secondary formation evolved in response more especially to the 
necessity for securing an adequate supply of water. We can readily 
conceive the primitive sporophyte borne on a thalloid gametophyto 
sending down absorbing organs into the soil. During the early 
imperfect stages of evolution the foot would continue to carry on 
its absorbing functions ; but gradually its period of functional 
activity would be restricted to embrj’^onic stages. The leaves no 
doubt originated as small, lateral outgrowths of sterile tissue pro- 
viding for increased assimilation. 

(3) It is probable that the actual sporogenons tissue was now, 
owing to further sterilisation, segregated in small masses or pockets, 
which, for reasons already given, would be developed from the super- 
ficial tissues, and, for protection, would naturally be associated with 
the leaves. Here we have the origin of sporangia. 

We may now conceive of the shoot of the primitive sporophyte as 
a radial axis with an apical growing point, and bearing numerous 
small loaves with which the sporangia were associated. The leaves 
therefore were sporophylls. As the vegetative system became more 
extensive it is probable that in the lower part the sporangia dis- 
appeared, and the leaves in that region came to have purely vegeta- 
tive functions. A condition not much more advanced is found in 
some primitive existing species of Clubmoss {Lyccypodixim^ e.g. 
L, Sdago), The indefinite extension of the vegetative system, with 
consequent i^ostponement of spore-formation, being provided for by 
continued apical growth, and later by branching of the axis, it is 
probable that the sporophylls came to be more and more restricted 
to the upper parts of the plant. 

While this was the probable course of development along one line 
of evolution, there were no doubt variations along other lines. In 
the Ferns, for example, wo have a group in which the leaves appar- 
ently underwent a great development, and continued, to a large 
extent, to function as sporophylls (with numerous sporangia). In 
this connection it should bo noticed that, if the Angiosporms are 
really descended fi;pm fern-like ancestors (p. 408), their sporophylls 
"must not only h^ve undergone specialisation, but also extensive 
reduction in size and complexity. 

§ 22. Sporophylls and Foliage Leaves.— Till recently it was 
generally believed that sporophylls were derived from foliage leaves, 
which in the course of evolution began to develop sporangia, and, 
being thus set apart, as it were, for reproductive purposes, under- 
went extensive modification. This view can no longer bo regarded 
as tenable if the course of evolution has been on the lines described 
above. Indeed, the opposite view would be nearer the mark, for it 
would seem that the first leaves were sporophylls, and that the foliage 
leaves were derived from them by suppression of their sporangia. 
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We may suppose, however, that the primitive leaves combined 
vegetative and reproductive functions. Later these functions were 
dineren tinted, and the specialisation of foliage leaves and sporophylls 
proceeded along separate lines. The infinite vari^sty of form and 
organisation exliibited by the foliage leaves of flowering plants must 
be ascribed to the fact that, being purely vegetative organs, they 
are more subject to the modifying influence of external conditions 
than sporophylls, and have therefore undergone more extensive 
adaptive modification. 



CHAPTER XX. 


THE ALaM, 

§ 1. General Characters. — The Algce constitute one 
of the two important Classes into which the Thallophyta 
are subdivided. They are adapted to aquatic or moist 
conditions. Many are fresh-water forms, but the great 
majority live in the sea, and constitute the assemblage of 
organisms called the marine Algae or seaweeds. Many of 
the lower forms are unicellular. In the higher forms the 
vegetative body is usually a thallns: but many show a 
more or less well-marlced differentiation into root and 
shoot and some also into stem and leaf. Structurjilly, the 
thallus consists entirely of living colls, although, in some 
of the larger forms, distinct conducting and assimilating 
tissues are developed. 

In essential points the processes of nutrition resemble 
those of the ordinary green plant, while differing widely 
in detail (see p. 15). All the Algae contain chlorophyll, 
but, in many, the green colour of the plastids is masked by 
the presence of other colouring matters. These are chiefly 
a brown colouring matter (phycophaein), a red colouring 
matter (phycoerythrin), and a blue colouring matter 
(phycocyanin). The differences in colour are correlated 
with important ^fferences in development and life-history 
—hence the convenient division of the Algae into Green 
(Chlorophyceae), Brown (Phaeophyceae), Red (Rhodophy- 
ceae), and Blue-green (Cyanophyceae or Myxophyceae). 
The Brown and Red Algae are mostly marine. 

§ 2. Reproduction. — While many of the lower Algae 
have only a vegetative method of reproduction by cell- 
division, in the higher Algae sexual reproduction and 
asexual reproduction by means of spores are both of general 
occurrence. 
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It has been found that the production of sexual organs 
and of spores is largely determined by external conditions. 
Some conditions favour sexual reproduction, others asexual. 
Thus, while spores and sexual organs may be produced on 
the same plant, they are usually found at different times. 
In many cases it can be recognised that sexual reproduc- 
tion takes place when the conditions for growth are be- 
coming unfavourable, and that the sexually produced spore 
is of the nature of a resting spore. Frequently also it is 
found that one or more generations of asexual plants may 
occur before the appearance of a generation which bears 
sexual organs.* 

In all cases where sexual reproduction occurs at all, the 
plant may be regarded as the gametophyte, actual or 
potential. 

§ 3. Asexual Reproduction. — The spores maybe special 
non-motile cells. But frequently, in adaptation to aquatic 
conditions, they are naked protoplasmic bodies (proto- 
plasts) which move by means of cilia, and are called 
soospores ; in this case they arc formed, one or more, by 
rejuvenescence of the contents of a mother-cell (p. 45). 

These spores which are produced on the qametoyihyte^ 
or what is regarded as representing the gametophyte, and 
which directly reproduce the gametophyte, are by many 
botanists called gonidia, or, if motile, zoogonidia, in order 
to distinguish them from the spores of the higher plants 
which are j)roduced on the sporophyte and give rise to the 
gametophyte. Similarly the organ in which they are 
produced is not called a sporangium, but a gouidangium. 

* This is quite a different kind of alternation from that found in 
higher plants. The two plants, sexual and asexual, are similar or 
** homologous,” and the asexual plants m£^ be produced for several 
generations by means of asexual spores. Some Botanists, however, 
believe that alternation in the higher plants was evolved by the 
gradual differentiation of two such ** homologous ” plants, and the 
modification of the asexual plant in adaptation to aerial conditions. 
This'is the homologous theory of alternation as distinguished 
from ihe antithetic theory described on pp. 458-461. To some it 
seems prol^ble that the antithetic theory explains the origin of the 
Bryophyte sporogonium, and the homologous theory that of the 
sporophyte of Pteridophyta. 
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§ 4. Sexual Reproduction. — The gametes and the 
gametangia, i.e. the organs producing the gametes, may 
or may not be differentiated into male and female. If the 
sexual process consists in the conjugation of similar 
gametes (p. 45) it is said to be isogamous, and the zygote 
formed is termed a zygospore. If it consists in the fer- 
tilisation of an oosphere by a male element it is hetero- 
gamous (as in higher types) and the zygote is an oospore. 
This applies to the Green and Brown Algae ; in the Eed 
Algae the sexual processes are very peculiar and highly 
specialised. 

The zygospore or oospore may develop directly into a 
new plant (gametophyte) ; but frequently it either forms 
a number of spores or zoospores by division or gives rise 
to a small body in which they are formed. Tliis has been 
regarded as a rudimentary development of a sporophyte 
generation, and the spores or zoospores so formed are 
not called gonidia or zoogonidia, although in appearance 
they are exactly like them. 

§ 5. Alternation of Generations. — In the Algae, as in 
Tliallophytes generally, there is no regular fixed alternation 
of generations. The sporophyte is either unrepresented 
or represented only in a rudimentary form. Moreover, 
it is extremely doubtful if what have been taken to repre- 
sent’ gametophyte and sporophyte in the Thallopliytes 
really correspond phylogenetically to the two generations 
of higher plants. 

Remembering the aquatic adaptation of Algas we may 
take it that iij^ them a sporophyte, adapted to aerial con- 
ditions, has not yet appeared, and that the plant contains 
within itself the potentialities of both generations. We 
need not wonder therefore that the Algse can reproduce 
themselves both sexually and by means of asexual spores. 
In this connection we may recall the fact that in certain 
cases fern-prothalli have b^n found to produce sporangia 
and spores (p. 356). For these reasons many botanists 
make no distinction between zoospores and zoogonidia. 

We have seen that in the higher plants the number of ohromo- 
somes in the oells of the sporophyte is double the number in the 
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cells of the gaiuetophyte. The reduction of the chromo&ome number 
is effected at the division of the spore mother-cells. 

Recently attempts have been made to discover if anything 
similar occurs amongst the Thallophytes. A reducing division has 
now in a good many cases been demonstrated, but it has been found 
that it does not occur always at the same point in the life-history. 
Occasionally it takes place at the first division of the oospore ; in 
this case the plant has the reduced number of chromosomes. In 
other cases it docs not take place until the divisions which lead 
to the formation of the sexual organs, and the sexual plant therefore 
has the double number of chromosomes (c.g. Fucua), 

It is, however, an interesting fact that one or two types of Algae 
are now known in which a sexual plant with reduced number of 
chromosomes regularly alternates with an asexual ijlant having the 
double number, reduction of chromosomes taking place at the 
division of the sijore mother-cells. This corresponds exactly with 
what is found in the higher plants excejit that the two generations 
resemble each other in appearance and adaptation. 


Chlamydomonas. 

§ 6. Chlamydomonas is one of the unicellular Q-reen 
Alga). The genus includes about 80 species, found chiefly 
in ponds and ditches. There are two phases or stages in 
the life-history — the motile or normal vegetative stage, 
and the resting or ^jaZ/?ic?Z/a-stage, which is followed by re- 
production. The structure of tlie 
cell is very constant throughout 
the genus, but the different species 
present considerable differences in 
appearance and mode of life. 


§ 7. Structure of the Cell 

(Fig. 261, a). — The motile cell is 
usually more or less spherical or 
ovoid in shape. It has a cellulose 
wall which is in close contact with 
the protoplasmic contents. The 
protoplasm at the anterior region 
is clear and hyaline in appearance, 
and gives off two cilia or flagella, which pass through the 
cell-wall. The protoplasm in this region also has two 
contractile vacuoles (^^e. spaces, filled with sap, which 
BOT. 30 



Fig. 201 .—Chlamydwnonaa, 

A, Motile Cell ; B, Conjugating 
gametes. 
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show alternate expansion and collapse), situated at the base 
of the cilia, and an orange-coloured pigment-spot jjlaced 
laterally. Posteriorly the protoplasm contains a single, 
large, more or less cup- shaped chloroplast, in which is 
embedded a rounded body known as the pyrenoid. A 
single nucleus is present in the central region of the pro- 
toplasm inclosed within the cavity of the chloroplast. 

The cells move through the water by means of their 
cilia. The movement is automatic, but it is modified by 
the action of light and other stimuli. The cells move 
towards bright diffuse light, away from light of too great 
intensity. This sensitiveness to light is specially associated 
with the pigment-spot. 

The pyrenoid consists of proteid substances. Its func- 
tion is not known with certainty. It has been compared 
with the proteid crystalloids of higher plants and may 
represent a store of food-material. Froju the fact that 
it is frequently surrounded by a layer of starch it has been 
supposed also that it may play a part in the process of 
carbon-assimilation. Pyrenoids are frequently found in 
the cells of Algce. 

The function of the contractile vacuoles is not under- 
stood. They may be respiratory organs, or perhaps excre- 
tory organs. 

§ 8. Asexual Reproduction. — Under unfavoui*able 
conditions the cells withdraw their cilia, and pass into a 
resting state in which they may continue for some time. 
Sooner or later, however, the contents of the cells by 
repeated division give rise to 4 or 8 protoplasts, which 
are set free, zoogonidia, by the rupture of the wall of 
the mother-o^ll. These, by the secretion of a cell- wall, 
give rise to the motile vegetative stage again. 

§ 9. Sexual Reproduction (Fig. 261, b). — ^T he con- 
tents of many of the resting cells divide into a greater 
number of parts — 16, 32^ or even 64. The resulting 
motile protoplasts, in form and structure, resemble the 
zoogonidia, except that they are smaller. They conjugate 
in pairs, and are therefore of the nature of gametes 



THS ALO^. 


467 


(planogametes, i,e, motile or wandering gametes). The 
gametes are more or less pear-shaped and have two cilia. 
They unite by their pointed ends, and fusion of their 
protoplasm and nuclei then takes place. The cilia are 
withdrawn and a cell- wall is formed. After a period of 
rest the resulting zygospore gives rise to 2 or 4 zoospores 
by division of its contents. Tlie zoospores produce the 
motile vegetative stage again. 

In one species of Ghlamydomorias the gametes are dif- 
ferentiated into male and female, the female larger and 
non-ciliated (oospheres), the male smaller and ciliated 
(spermatozoids) . 

§ 10. Ghlamydomonas is interesting because it is believed 
to be, in many respects, a primitive type. It shows affini- 
ties to the Flagellata), 
a group of organisms, 
destitute of a cell-wall, 
which exhibit both plant 
and animal characteris- 
tics. Sdnio of them are 
holophytic, i.e. they pos- 
sess chlorophyll and are 
able to elaborate their 
food-material from 
simple inorganic com- 
pounds. Others feed on 
organic compounds. 

Both animal and vege- 
table kingdoms are believed to have taken their origin 
from types resembling the Flagellatse, and Ghlamydomonas 
is supposed to approximate closely to the ancestral organ- 
isms from which the whole of the vegetable kingdom has 
been derived. The resting stage of Ghlamydomonas, ac- 
companied by cell-division, may be regarded as the starting 
point of the vegetative stage of higher types ; the motile 
vegetative stage of Ghlamydmnonas, in higher types, has 
persisted only in the reproductive processes. 

The life-history of Ghlamydomonas is represented graph- 
ically in Fig. 262. 



Fig. 202.— -liiFK-iiisToKY OK Cftlami/donionas, 
(impliiual represe)itatiuii. 
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HiEMATOcoccus (Sphaseella) PLUVIALIS. 


§ 11. Ill structure, life-liistory, and mode of life 
Sphi^rella closely i*csembles Chlamydomonas (Fig. 263). 

The two genera belong to the same 


CILIA 



PYR£N0ID 

Fig. 203. — Sphacnfla. 

A, Motile cell ; 13, Conjugu. 
ting giiiiietes. 


family of Algae. The following are 
the more important differences: — In 
Sidmrella the cell-wall is separated 
from the protoijlasmic contents by a 
space Avkich is traversed by proto- 
plasmic filaments (Fig. 263, a) ; con- 
tractile vacuoles are wanting ; the 
cells, more especially the resting 
cells, frequently contain a red colour- 
ing matter, hmmatocin'ome, which 
gives them a blood-red appearance. 
The resting cells are frequently found 


in rain-water which has collected in 


the hollows of I’ocks, in gutters, or in water-butts. 

In Signer ella it lias been observed that if the gametes 
fail to conjugate they may behave like zoogonidia and give 
rise to motile vegetative cells. 

Before the life-history of Sphxrella was completely 
known the motile cells were known as Protococcus 


pluvialis. 


§ 12. JltemcUococais (Spharella) nivalis^ the Red Snow Plant, is 
another species closely resembling H, phivialis in structure and 
mode of life. Its resting cells, which contain abundant red pig- 
ment, form blood-red patches on the snow in Greenland and other 
regions. ^ 

§ 13. Origin bf Sexuality. — From a careful consideration of 
the fact, observed in various Algse, that the gametes resemble the 
zoogonidia and may behave like them, the conclusion has been 
reached that gametes have been derived from zoogonidia — that 
they, in fact, are zoogonidia in which the tendency to, and capacity 
for, conjugation has been evolved. On the view that conjugation 
means increased vigour and vitality, we can understand how this 
tendency would bo evolved. In Spncerella (and certain other Algre) 
it is scarcely a fixed hereditary character, and the gametes may 
still develop without conjugation. Parthenogenesis probably repre- 
sents a trace of this in higher types. 
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Plburococcus vulgaris. 

§ 14. This is one of the commonest unicellular Green 
Algse, forming the green covering so frequently seen on 
tree-trunks, palings, etc., after wet weather, more especially 
on the side most exposed to the wind. The Alga was 
formerly known as Protococcns viridis. 

§ 15. Structure of the Cell (Fig. 264). — If a little of 
the green substance be examined in water under the micro- 
scope it is found to consist of small 
green cells, sometimes single, some- 
times aggregated into groups or 
colonies of two, four, or more, 
owing to the fact that after divi- 
sion the daughter cells do not 
separate from each other. The 
individual cells are almost spheri- 
cal if isolated, but in the cell- 
groups they are slightly flattened 
on the sides in contact with the 
other cells. 

Each cell has a firm cellulose wall. Embedded in the 
protoplasm on one side is a single, large, lobed chloro- 
plast with a well-marked pyrenoid. A nucleus is present 
in the centre of the cell. 

§ 16. Reproduction. — The usual method of multiplica- 
tion is a vegetative one by cell-division and separation of 
the daughter cells from each other. In very moist con- 
ditions the cells may not separate, and in this way short 
filaments of cells may be formed. 

Asexual reproduction by means of biciliate zoogonidia 
occasionally takes place, as also does sexual reproduction 
by the conjugation of similar gametes. The zoogonidia 
and gametes are formed by rejuvenescence of the contents 
of the vegetative cells, which then function as gonidangia 
or gametangia. 


Nl^CLEUS 


dHLOROPLAST 

Pig. ‘2() i. — Pie u rococcus. 

A, Single cell; H, Group of 
cells. 
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§ 17. We have seen that in Chlamydomonas and Spheerella 
the motile stage is the ordinary vegetative condition of the 
Alga — ^the non-motile stage being a resting condition. It 
would seem, however, thut in the evolution of plants the 
non-motile condition attained greater importance. It has 
become the normal vegetative condition in Fleurococcus, 
whose life-history also gives an indication as to how the 
multicellular structure of higher plants has arisen. 

Spirogyba. 

§ 18. General Characters. — Spirogyra is one of the 
green fresh-water AlgjB. It grows in bright-green slimy 
masses in ponds, springs, or slow-running 
streams. Each Spirogyra plant has an ex- 
tremely simple structure. Its vegetative body 
is an unhmnclied filamentous thallns (Fig. 
265), consisting of short cylindrical cells 
placed end on end and showing no distinction 
of base and apex. The filament increases in 
length by ordinary cell-division and growth 
of the cells. All the cells have the same 
structure and all are capable of division. 

Here we have an example of a multicellular 
plant which shows little or no division of 
labour. Indeed, we might, physiologically, 
regard each cell as an individual plant, and 
the whole filament as a colony of such indi- 
viduals, for each cell cairies on exactly the 
Sara® vital functions as are necessary for the 
Fig. 265 .--rART maintenance of the whole. 

The filament is, in most species, invested 
by a delicate mucilaginous sheath formed 
from the pectic compounds of the cell-walls. It is this 
which makes a mass of Spirogyra filaments feel slimy to 
the touch. " 

§ 19. Structure of the Cell (Fig. 265). — ^Each cell is 
cylindrical in form with transverse end- walls, and has the 
structure characteristic of typical parenchymatous cells. 
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The wall consists of cellulose and pectic compounds. 
Inside the cell there is a ^'primordial utricle,” from 
which delicate protoplasmic strands run aerdss a central 
vacuole to the centre of the cell. The nucleus, contain- 
ing a distinct nucleolus, is usually embedded in the small 
central mass of protoplasm. The most conspicuous struc- 
tures in the cell are the green spirally coiled chlorophyll 
hands or chromatophores (chloroplasts). There may be 
from one to eight of them in a cell, the number varying 
slightly even in the same species. They lie in the prim- 
ordial utricle, coiled as it were round the central vacuole. 
Each contains a number of well-marked pyrenoids. 

Numerous species of Spirogyra are distinguished accord- 
ing to the size and form of the cells, the character of the 
chromatophores, etc. 

§ 20. Reproduction. — ^Thcre is no special method of 
asexual reproduction ; but if a filament happens to be 
broken into a number of pieces, consisting of one or several 
cells, these by ordinary cell-division may form new filaments 


CONJUGW TUBE CHROMATOPHORE 



(vegetative reproduction). Fragmentation of this kind 
may occur naturally under abnormal nutritive conditions. 

Sexual reproduction (Fig. 266) seems to occur when- 
ever the vigour of the filaments becomes impaired by age, 
by prolonged division, or by unfavourable external con- 
ditions. It is ieogamous. In this process two filaments, 
lying side by side, send out little outgrowths from corre- 
sponding cells. These increase in size, meet, and finally 



472 


THE ALGiE. 


fuse between the two filaments, so that the corresponding 
cells are joined by short conjngation-tubes. In the 
meanwhile tlA5 contents of each cell have contracted, losing 
water and forming a gamete, in which the characteristic 
form and appearance of the chromatophores can no longer 
be distinguished. Then the gametes of one filament pass 
over, by means of the conjugation tubes, into the cells 
of the other filament, and fuse with the gametes in these 
cells. 

It should be specially noticed that the gametes bear no 
cilia (aplauogametes), and that any cell of a filament 
may function as a gametanginm ; also that conjugation 
is effected by means of conjugation-tubes. The more 
active gametes, which may be regarded as being male, are 
formed earlier than the more passive ones, which may be 
considered as female. Generally all the gametes of one 
filament pass over into the other filament, so that the 
filaments are unisexual. There are, liowever, exc^eptions 
to this; and occasionally, also, conjugation tubes are 
formed between cells of the same filament. In a family 

closely allied to Spi- 
rogyra conjugation 
is effected in the 
middle of the tube, 
and the gametes are 
in all respects alike. 

§ 21. The Zygo- 
spore. — The result 
of conjugation is in 
each case the forma- 
tion of a zygospore 
(Fig. 266). This is 
Pig. 267.— spirooyra; gkhmination oKZvaospoiiE. a large oval body, 

at first green, but 
later becoming dark brown. After a more or less lengthy 
period of rest, the zygospores germinate. Each contains 
food-material in the form of oil and other substances. In 
germination the two outer coats of the spore (Fig. 267) 
^re' ruptured, and the contents enclosed in the innermost 
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coat grow out into a tube which is divided into two cells 
by a transverse septum. The cell which protrudes from 
the spore is green, and grows out to form' the filament. 
The other cell is colourless. Thus, at first, there is a 
distinction of base and apex, but this is soon lost. 

Sometimes, when conjugation does not take place, a 
gamete may develop di- 
rectly into a spore called 
an azygospore. This may 
be compared with parthe- 
nogenesis (p. 271). 

§ 22. Bpirogyva belongs 
to a group of the Chloro- 
phyceae known as the Con- 
jugatae. The plant repre- 
sents the gametophyte. 

There is no sporophyte, 
and therefore no alternation of generations. The zygo- 
spore, instead of giving rise to a purely asexual plant, 
produces a new gametophyte. The life-history is graphic- 
ally represented in Fig. 208. 



ZYGOSPORE 




GAMETES 
f t 

GAMETANQIA 

jy 


THALLUS 
(GAMETOPHYTE) 

Fig. 208.— Graphicjat, Lifimiistorv of 
SriuoOYiiA. 


Vaucheria. 

§ 23. Structure. — Most of the species of this green 
Alga grow in fresh water, or on the damp surface of the 
soil. A few species are marine. F. sessilis and F. terrestris 
are commonly found, mixed with other Algae and the pro- 
tonemata of mosses, in the form of a green tangled felt on 
the damp soil of neglected flower-pots. 

The thallus (Fig. 269, c) consists of long, rather coarse, 
tubular threads, branched at considerable intervals, and 
fixed by means of a branched colourless root-process. 
The tubes are non-septate, i.e, they are not divided by 
cell-walls into distinct cells. Septa, however, are formed 
when the thallus is injured and in connection with the 
development of reproductive organs. The cellulose wall of 
0 ^oh tube has a coutinuous protoplasmic lining. A 
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▼acuole filled with cell-sap runs up the middle of the 
tube. In the outer region of the protoplasm there are 
numerous ov^El chloroplasts, and large numbers of small 
nuclei are found in the layer internal to this. There are 



’ -o ‘o d. o . 
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Fig. 260 .— Vaucheria. 

A, B, The zoogonidiuiu ; O, Young plant formed from zoogonidium ; 
I), E, F, Sexual oig.-ww. 


no pjrenoids. Small refractive oil-globules are associated 
with the plastids. It is interesting to notice that usually 
no starch is present; here the storage product of meta- 
bolism is oil. 7 

Vaucheria was formerly described as a unicellular Alga. 
The branclied tubes, however, are not cells, but cosnocytes ; 
here we have a good example of coenocytic structure (p. 44). 
The branches of the coenocyte exhibit apical growth. 

§ 24. Asexual reproduction is commonly effected by 
means of zoogonidia. In the formation of a zoogonidium 
tlie apex of a branch swells up and becomes club-shaped 
(Fig. 269, a), owing to the aggregation of protoplasmic 
substance in it. This club-shaped body, which is the 
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gonidangium, is separated from the rest of the tube by a 
distinct septum. It ruptures at the apex, and the proto- 
plasmic contents escape as a zoogonidium. The opening is 
very narrow, and, as the protoplasmic body makes its way 
out, it is frequently constricted and divided into two 
zoogonidia. 

The zoogonidium (Fig. 269, n) is a large oval body 
which can be seen by the naked eye. It shows a central 
region, containing numerous chloroplasts, and a clear outer 
region, the ectoptaam, with numerous small nuclei. Evi- 
dently it also is coenocytic and might be called a zoocoenocyte. 
It is covered with cilia, a pair being developed opposite to 
each nucleus. The zoogonidium, after moving about for a 
short time, develops a cellulose wall and comes to rest. 
The cilia are withdrawn, and germination takes place. 
Two tubes grow out. One branches and produces the 
colourless root-process, the other develops into the green 
tubular thread (Fig. 269, c). 

Some species of Vaucheria (not V. aessilis) produce gonidia or 
non-motile spores. The apex of a tube or short lateral branch 
swells up and becomes more or less globular. This body, the 
gonidium, is cut off by a septum, and germinates after a longer or 
shorter period of rest without producing a zoogonidium. Sometimes 
the gonidium is formed in this outgrowth by rejuvenescence and the 
formation of a new cell-wall (Fig. 269, g). 

In unfavourable conditions, such as conditions of drought, the 
tubes may become septate. They are divided up into short segments 
which develoi> thick walls. It is a resting, protective condition, 
and has been called the gomjroaira-conditton. On the return of 
favourable conditions the segments germinate and produce new 
plants. This may be considered as a purely vegetative method of 
reproduction. 

§ 25. Sexual reproduction is heterogamous (Fig. 269, 
d-f). The male organ is an antheri&um; the female 
organ is called the oogonium. They arise as outgrowths, 
either of the tube itself {Y. BessiliB) or of a special short 
branch, and are usually borne on the same plant. The 
number of oogonia and antheridia associated together 
varies in the different species. In F. sessilie there is 
frequently one antheridium between two oogonia (e) . A few 
species are dioecious. 
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The outgrowth which becomes the antheridium contains 
numerous chloroplasts and small nuclei. As development 
proceeds the •nuclei aggregate in the central region of the 
protoplasm and give rise to a large number of very minute 
biciliate sperniatozoids. Tlie cliloroplasts pass to the base 
of the outgrowth, and are cut off by a septum from the 
portion containing the sperinatozoids, which is the antlier- 
idiiim proper. Wlien fully formed tlie antheridium is 
a colourless tubular structure curved like a liorn (n). 
It iniptures at the apex, and the spermatozoids are set 
free (e, p). 

The outgrowth which forms the oogonium at first 
contains numerous nuclei in addition to chloroplasts. One 
nucleus passes to the centre of the protoplasmic mass, and 
becomes the nucleus of the oosphere ; the others pass back 
into the tube. The oogonium is then separated off by a 
septum. A little protuberance or beak appears near the 
apex. It bursts open and a small portion of the proto- 
plasmic contents is given off (d). The rest of the contents 
form the oosphere, which contains numerous chloroplasts. 
It shows a clear spot — the receptive spot —near the 
beak where the protoplasmic vesicle was given off. The 
fully formed oogonium is sessile, and more or loss ovate in 

form. It has a 
simple cellulose 
wall and contains 
one oosphere. It 
is a much less 
complex female 
organ tlian the 
archegonium. 

Fertilisation 
is effected by a 
spermatozoid en- 
tering the ovum 
at the receptive 
spot, and fusing 
with it. The oospore develops a thick wall and enters 
on a period of rest. When it germinates it produces a 
ne\v plant dii-ectly. 



OOSPORE 
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t t 

9 OOGON. ANTH^ 


THALLUS ‘ 
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2 ^ 


^ ZOOGONIDIUM 
Fig. 270. — Graphical IjIfe-history of Vauchkria. 
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§ 26. Vaucheria belongs to a group of Chlorophycea} 
known as the Siplioneae. The plant is the gainetophyte. 
There is no alternation of generations. Perhaps the most 
striking feature about Vaucheria is the tfssociation of 
highly differentiated sexual organs with a very simple 
vegetative body. The life-history is graphically represented 
in Fig. 270. 


QCdogonium. 

§ 27. General Characters. — (Edogoniiim is a very 
common green Alga including numerous species, all living 
in fresh water. Each plant (Fig. 

271, a) has an unhranched, filamentous 
thallns, consisting of elongated cells. 

In young stages (b, c) the plants are 
attached to stones or other plants by 
means of a basal fixing organ, but in 
many species the adult plants are free. 

The apex of the filament may be 
rounded, or, in a few species, may end 
in an elongated hair-like process. The 
growth of the filament is effected by 
division of any of the cells. 

§ 28. Structure of the Cell (Fig. 

271). — The upper end of each cell is 
usually somewhat dilated, and fre- 
quently it shows a series of transverse 
ring-like mai-kiugs (see § 29). The ^g. m-asdogoninm. 
cell- wall consists chiefly of cellulose; A,i»ttitofiuauioiit: b,o, 
there is little or no trace of a inucila- 
ginous sheath. Each cell contains a 
single large chloroplast consisting of a network of ana- 
stomosing protoplasmic bands lying in the parietal layer 
of the protoplasm. One 'or more pyrenoids are present. 
There is a single nucleus lying usually near the middle 
of the cell. 
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§ 20. Cell- division. — Tho way in which the growth 
and division of the cells are effected is peculiar and 
characteristic. A ring-like cushion of cellulose is formed 
on the inner surface of the cell- 
wall near tho upper end of the 
cell (Fig. 272, a) and the nucleus 
of the cell divides into two. The 
cell- wall then splits all round just 
outside the cellulose cushion, and 
the latter is stretched out so as to 
give rise to a membrane which is 
intercalated in the cell- wall (X in 
Fig. 272 b). 

The dividing wall, laid down 
between the two nuclei, is formed 
opposite the lower end of the in- 
tercalated membrane. The bound- 
ing wall of the upper cell therefore consists chiefly of the 
intercalated membrane ; but there is a portion of the old 
cell-wall, fitting like a cap, at the upper end of tho cell, 
where it produces a transverse ring-like mark. 

If the process is repeated the new cellulose cushion 
arises immediately below the previously formed ring. In 
this way cells frequently come to show a series of “ caps 
or rings at their upper ends (Fig. 271, a). 

§ 30. Asexual Reproduction (Fig. 

273) is effected by means of zoogonidia. 

Any cell of the filament may function as 
a gonidanglum and produce a single zoo- 
gonidium by r^uvenescence of its proto- 
plasmic contents. The zoogonidium is 
set free by a transverse split which is 
formed at the upper end of the gonidan- 
gium. It is a comparatively large pear- 
shaped body. Its broad posterior end 
contains chlorophyll ; its narrow end is cleir and bears a 
tuft of cilia. 

After a short motile period the zoogonidium settles 
down and attaches itself to some object by its anterior 



Fig. 21Z,—(Edoyoni‘ 
um. A, Zoogoni' 
diuniosuaping ; 13, 
Zoogunidium. 


«■ 



Fig. 272. — (Edofjoaiuiii. 
McUkkI of cell-growth, (x — in* 
terciihitod luuiubraiio.) 
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end. The cilia are withdrawn, a cell- wall is formed, and 
a new filament fonned. The basal cell in some species 
remains short and blunt; in others it becomes pointed 
and may branch to form a root-like process c f attachment. 

§ 31. Sexual Reproduction (Figs. 274, 275). — The 
sexual organs are oogonia and antJieridia, The oogonia are 
usually formed in series on a filament. Any cell may 
become an oogonium, but most 
frequently it is a cell showing 
rings or “ caps ” at its upper 
end. The cell becomes globular 
or oval, and its contents are 
rounded off to form a single 
oosphere. The oosphere con- 
tains abundant chlorophyll, but 
on the side where fertilisation 
will be effected there is a clear 
** recejdive spot.^^ It is not set 
free from the oogonium. Before 
fertilisation either a transverse 
split or a pore (according to 
species) appears at the upper end 
of the oogonium and through 
this the spermatozoid reaches the 
oosphere, which it enters at the 
“ receptive spot.” 

The antheridium is a short 
cell or a series of short cells* 
formed by division of the cells of the filament (Fig. 274). 
Each antheridial cell by division of its contents gives rise 
to two spermatozoids, which resemble the zoogonidia, but 
are much smaller and contain less chlorophyll ; they con- 
sist largely of nucleus. 

Many species of (Edogonium are monoecious. In a few 
dioecious species the male and female plants are both large ; 
they are called dimeioue macrandroua species. In the great 
majority of the dioecious species, however, constituting 

* Some regard each cell of the series as an antheridium. 



Fig. 27J. — (JStlof/oniuuK 
Sexual Reproduction. (Monu3ci> 
OU8 HpucicB.) 
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nearly half of the known species, the sexual reproductive 
processes are highly specialised. The antheridia are 
produced on dwarf male plants, known as natmandria. 
Hence these species are called dicecious 
naunandrous. 

In these dioecious nannandrous 
species special motile spores, known 
as audrospores (androgonidia), are 
produced by the female plants in 
androsporaug^a ( androgonidaiigia ) , 
which are either single cells or rows of 
cells resembling the antheridial cells, 
but rather larger. Each cell of the 
androgonidangium gives rise to an 
androgonidium intermediate in size 
between a zoogonidium and a sper- 
matozoid, but resembling these. The 
androgonidium, after a short motile 
period, attaches itself to a female plant either near, or 
actually on, an oogonium. It there produces a “dwarf 
male ’’ or nanmndrium consisting of a basal cell, and an 
antheridium of one cell or a number of cells (Fig. 275). 
The spennatozoids produced in the antheridium are set 
free either by the disorganisation of the antheridial cells, 
or by the separation of a lid at the top. 

§ 32. Germination of the Oospore. — The fertilised 
oosphere forms a cell- wall and becomes the oospore. It 
is at first green, but later loses its chlorophyll and becomes 
brown. It contains oil. Its wall is thickened and it parses 
through a period.^f rest. 

It is finally liberated by the decay of the wall of the 
oogonium. At germination its contents, enclosed in a thin 
gehitinous membrane, escape and undergo division into 
four zoospores exactly resembling the zoogonidia. This 
is regarded as representing a rudimentary sporophyte 
generation. 

The zoospores, like the zoogonidia, give rise to new 
plants. These are usually asexual plants, producing 
zoogonidia only, and as a rule they give rise to seversd 



Fig. 275. — (Edof/oniiim. 
l)iu)oioui» iijinn.-iiulrous 
U\vui*f male 
on Oogouiiuii. 
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generations of asexual plants before the appearance of 
plants producing sexual organs as well as zoogonidia 
(seep. 463). 


zoos E 




OOSPORE 


OOSPHERE SPERMZD. 

f f 

OOGONIUM ANTHERID. 

t 

DWARF MALE 

THALLUS ^ 

ANDROQONID. 





Fig. 276. — (Edogoniv.m, 

ljifo-hiHt4iiy of iiannan(li*ou» Bi»cciu8. Graphical representjition. 


The life-history of a dioecious nannandrous species may 
be represented as in Pig. 276. 


Fucus. 

§ 33. General Appearance and Habit. — The Phseo- 
phyceee or Brown Algae, to which Fucus belongs, are with 
few exceptions seaweeds. In the lower forms the sexual 
reproduction is isogamous; in the higher forms, hetero- 
gamous. Many of them are small and filamentous, but the 
group includes some of the largest forms of Algae. 

Fucus is one of the larger forms and includes several 
common species differing in certain minor characters. 
When full-grown, the plant consists of a basal, branching, 
root-like organ of attachment, a straight, cylindrical stalk- 
like portion, and a dichotomously branched membranous 
expansion (Fig. 277). 

The vegetative body is essentially thalloid, although 
in the organ of attachment there is a distinct indication 
of the differentiation of root from shoot. It should be 
noticed, however, that the root-process has no absorbing 
function and is simply a fixing organ. It is called the disc 
or hold-fast. 
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Eunning up the middle of each flattened lobe of the 
thallus is a sort of midrib, due to the thickening of the 
tissue in that region. In 
the older parts of the thallus /Ti 

the marginal portion dies 
away and leaves only the 
midrib. This is the mode 
of origin of the cylindrical W / 

stalk which represents the Ij / 

persistent thickened midrib If 

of the older part of the f 

thallus. A distinct stalk is 
not recognisable in the | 

young plant. j W/ 

Fucus inhabits the zone / /// 

between low and high tide- I i 

marks. It is exposed at low / f 

tide, covered at high tide. // 

It is interesting to notice // ^ 

how well the structure of 

the plant is adapted to this \ 

habitat, where it is exposed 1 W/ ^ 

to the full force of the | 

waves. The strong fixing „ 

. . T XT. ® 1 XX® Fig. 277 .— Branch op Fucus 

organ attaches the plant to platycarpub. 

rocks, etc., and prevents it 

from being washed away. It is preserved from injury by 
the pliant nature of its stalk, and the yielding, flattened 
character of its branches. Some species (F, vesiculosus) 
are rendered still more buoyant by the development of air- 
bladders — hollZw dilatations of the thallus filled with air. 
The plant is saved from excessive desiccation, when exposed 
between tides, by the mucilaginous character of its tissues. 




Pig. 277.— Branch op Fucus 
Platycarpub. 


If we examine the apices of the branches at certain 
periods it will be found that they are covered with small 
papillse, and are more or less swollen (Fig. 277). These 
papillae mark the position of internal flask-shaped cavities, 
called conceptacles, in which the sexual organs are 
developed, and hence protected by being enclosed in the 
tissue of the thallus. 
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In some species, e.g. F. aerratus, small dots are found 
scattered over the thallus. These mark the position of pits 
in which hairs are developed, and which ma^ be regarded 
as barren conceptacles. They have been called crypto- 
stomata. 


§ 34. Structure and Growth of the Thallns. — A 

section, passing through both surfaces and taken at any 
part of the thallus, will show that a central or medullary 
region of tissue can be distinguished from an outer or 
cortical region on each side (Fig'. 278). 

The outermost layer of the cortex (outer limiting 
layer) resembles an epidermis, but it is quite different 



Fig. 27S.—Fttcus Platpcai'pus. 
(Transverao Bootion, Uirough a conceptiicle.) 


from a true epidermis. Its cells are meristematic and by 
division give rise to new cortical cells. This is the assimi- 
lating region of the thallus ; the cells contain chloroplasts, 
in which the green colour of the chlorophyll is masked by 
the brown colouring matter phycophsein. The subjacent 
cells are parenchymatous, with distinctly pitted walls ; 
they constitute the cortical parenchyma. It is the 
storage region of the thallus. No starch is formed in 
Fucua. The product of metabolism is a carbohydrate 
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somewhat resembling starch, but it is not stained blue by 
iodine. 

The medulla consists of an interlacing network of 
filaments or hypha3 embedded in a clear mucilaginous 
matrix. The filaments are divided at intervals by septa. 
It is a tissue in which the outer layers of the cell- walls have 
become mucilaginous. The rows of cells still enclosed in 
the inner layers of their cell-walls constitute the filaments. 
The medulla is essentially the conducting tissue of the 
plant. The cross-walls between the segments of the hyphse 
are perforated like sieve-plates, and in Laminaria, a large 
Alga allied to Fiicus, distinct sieve-tubes are developed. 

In the older parts of the thallus there is a similar 
stnicture, but the outer limiting layer is lost, and the 
cortical parenchyma by meristematic activity gives rise to 
secondary increase in thickness. This can be observed 
in the region of the stalk. The hyphae of the medullary 
region also increase in number. 

At each growing point of the thallus there is a group of 
four or five cells, each of which assumes the form 

of a four-sided truncated pyramid. The segments from 
the bases of these cells form medullary hyphae, those from 
the sides form mainly cortex. At each branching the 
apical cells separate into two similar groups (true di- 
chotomy).* 

§ 35. Beproduction. — There is no special method of 
asexual reproduction in Fucus, but sometimes adventitious 
branches, formed at the base of the thallus by the activity 
of the cortical meristem, may be separated off and form 
new plants. T&ere is abundant sexual reproduction. 
The plant may be regarded as the gametophyte. The 
sexual organs are contained in the conceptacles mentioned 
above. Each conceptacle (Fig. 278) opens on the surface 
of the thallus by a minute aperture called the ostiole. 
Numerous multicellular hairs are developed from the cells 
lining the conceptacles. Many of these form ^araphysea; 
others bear the sexual organs. 

* According to some the group of initial cells is derived by 
division from a single apical cell. 
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In the development of a conceptacle one or several 
superficial cells of the thallus cease to grow and become 
disorganised. The surrounding tissue groyrs vigorously, 
and soon encloses a flask-shaped cavity. 

§ 36. The Sexnal Organs (Figs. 278, 279) are anthe- 
ridia and oogonia. The antheridia are borne in clusters, 
and represent the finer branches of much-branched hairs. 



Fig. 270.— vcsiculomg. 

A — D, Sexual oigans ; E, Fertilissitiun ; P, G, Embryo. 


Each antheridium is developed from a single cell. When 
fully formed it is a small, oval, orange-coloured sac, the 
wall of which consists of two thin membranes called the 
intine and exine. The contents have undergone division 
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to form a large number of small spermatocytes from wliich 
the biciliate spermatozoids are developed. The cilia are 
developed laterally, and each spermatozoid has an orange- 
coloured chromatophore. 

The oogonium is a much larger, dark-coloured structure. 
It also is developed from a single cell. It is borne on a 
short unicellular pedicel representing an abbreviated hair. 
Its wall also consists of intine and exine and its contents 
divide to form eight oospheres. 

Tlie plants are usually dioecious, e.g. F. vesiculosus, 
recognised by its bladders, and F. serratus, recognised by 
its sermte margin ; but in F. platycarpus (Figs. 277, 278) 
the sexual organs are borne on the same plant and in the 
same conceptacle. 

§ 37. Fertilisation (Fig. 279, e). — When the sperma- 
tozoids and oospheres are ripe, the antheridia and oogonia 
become detached. The exine is ruptured (b), and the con- 
tents, enclosed in the intine, move towards the ostiole. 
This generally takes place when the plants are exposed at 
low tide. The hairs of the conceptacle secrete a mucila- 
ginous substance. This oozes out of the ostiole, carrying 
with it the sacs of spermatozoids and oospheres. When 
the tide rises again the intine is ruptured, and the sperma- 
tozoids and oospheres are set free into the water. Sperma- 
tozoids cluster round each oosphere, which is thereby 
caused to rotate. Finally, one spermatozoid enters and its 
nucleus fuses with that of the oosphere. The resulting 
zygote is the oospore. 

§ 38. GermiiShtion of the Oospore (Fig. 279, f, g). — 
Without any resting stage, germination takes place. The 
oospore becomes pear-shaped, and is divided by a wall into 
a pointed basal cell and a rounded apical cell. The basal 
cell sends out a number of rhizoids which fix the young 
plant and become wefted together to form the root-disc ; 
the upper cell, by further division, gradually develops into 
the thallus. There is no alternation of generations. 

§ 39. Differentiation of Sez. — In connection with the life- 
history of Sphonrella we recognised the probable origin of gametes 
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and the evolution of sexuality. In SplifprelJa^ however, the gametes 
are similar, and, further, sexuality is not completely established. In 
Ectocarpif^, a brown Alga, the gametes are also similar and sexuality 
is imperfect, but some of the gametes are les.s actiye and come to 
rest sooner than others. In some species of EclocarpnSy and in 
C'lUleria (another brown Alga), the gametes are of two sizes. The 
larger ones are less active and come to rest sooner than the more 
active smaller ones which fuse with them. 

Here we have a series of Algal types which enable us to trace 
the probable evolution of sexual differentiation. This evolution un- 
doubtedly took place along different lines. The larger gametes are 
female. Their larger size and more passive character probably 
originated in a more abundant storage of food- material, making 
better provision for the embryo plant. We have the next stage in 
Fticua, Here the gametes are fully differentiated and the ovum is 
not ciliated. Hut both gametes are set free into the water. This is a 
striking feature in the life-history of the Fucaceoe. The next step 
in the evolution is to the stage where the female gamete is retained 
in the female organ. 


§ 40. Relationship of the Algsd to the Higher Plants. — The 

Alg£e are an interesting group, supplying many facts which help 
towards the elucidation of important problems. Amongst them 
there are many divergent lines of evolution. Along most of these 
lines we recognise a gradual transition from isogamous to hetero- 
gamous reproduction. There can be no doubt that the primitive 
ancestors of the Bryophyta and Pteridophyta were evolved from 
primitive Algal forms ; but Iicre the gap is too wide for us to 
bridge over. 



chapter XXI. 

FUNGI AND BACTEEIA. 

§ 1. The Fungi constitute the second important Class 
into which the Thallophyta are subdivided. They are 
readily distinguished from the Alg£B by the want of chlo- 
rophyll ; chromatophores and starch also are entirely 
wanting. This hy itself would not be a sufficient reason 
for separating the two classes. If this were all we might, 
with equal reason, separate those few Flowering Plants 
which have no chlorophyll from the rest. The Fungi, 
however, as a whole, are further distinguished by special 
characters in their structure, development, and life-history. 

§ 2. The Mycelium. — The typical vegetative structure 
of the Fungi is a filamentous and much-branched thallus 
called a mycelium. The filaments or threads of which the 
mycelium consists are called hyphas. Sometimes we find 
more massive structures, more especially in the parts bear- 
ing the reproductive organs. When we examine these, 
however, we find that they consist of hyphse woven 
together so as to foim a false tissue, i.e. a tissue formed, 
not by the divisjpn of cells all originally connected with 
each other (true-4issue), but by the interweaving of separate 
hyphse. Occasionally, in very degenerate forms like yeast, 
the plant consists of separate cells. 

The mycelium (or its hyphse) may be septate or non- 
septate. In most cases it is coenocytic; even where it is 
septate the different segments usually contain several 
nuclei, and are hence coenocytic cells. Their walls do not 
consist of ordinary cellulose, but of a substance called 
fungus-cellulose, which is not stained blue by iodine and 
sulphuric acid. 
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§ 3. ITntrition. — The nutrition of fungi is quite differ- 
ent from that of ordinary green plants. Having no chlo- 
rophyll they can make no use of the carbon dioxide of the 
atmosphere. They derive their carbonaceous food-material 
from complex organic compounds which they ol)tain from 
external sources. This also, to a large extent, applies to 
the absorption of nitrogen. Fungi, however, can assimi- 
late comparatively simple compounds of nitrogen ; but 
they prefer ammonium compounds, e.g. ammonium tar- 
trate, to nitrates. Altogether their food-materials are less 
complex than those of animals. 

* § 4. Mode of Life. — Fungi may live either as parasites 
or as saprophytes. Some are not confined to one mode of 
life, but may live as parasites or as saprophytes, acxjording 
to circumstances. In a pg^msitic fungus the hyphse may 
penetrate the living cells of the host, or simply ramify 
between the cells. TJie power of penetrating and dis- 
organising cell- walls which such hyphse frequently possess 
is due to the secretion of a ferment wlfich acts on cellulose. 
The hyphse of a saprophyte ramify through decaying 
organic substance or grow immersed in organic solutions. 
The whole of the mycelium may be absorptive, but some 
parasites, whose hyphse ramify between the cells of the 
host, develop special absol’bing organs {Jiaustoria) which 
penetrate the cell-walls and enter the cells. 

§ 5. Reproduction and Life-history. — There can be no 
doubt that the Fungi were originally derived from Algal 
forms — that the ancestral types were, in fact, simply Algae 
which assumed a dependent mode of life, and lost their 
chlorophyll. As supporting this view, we find that in the 
lower forms of Fungi, the Phycomycetes, to which Mucor 
and Pythium belong, there is a close resemblance to ceitain 
green Algse like Spirogyra or Vaucheria. Their repro- 
ductive organs are very similar, and frequently also their 
general structure presents a close resemblance. The other 
groups of Fungi, the Ascomycetes and Basidiomycetes, 
constituting the class called Eumycetes or Mycomycetes, 
diverge widely from the Algse and present very special 
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characters. The Ascomycetes, however, show some striking 
resemblances to the Eed Algae, and were probably derived 
from the same ancestral stock. 

The occurrence of functional sexual organs in some of 
the Ascomycetes has now been established ; but in most of 
the Ascomycetes and Basidiomycetes sexuality has been 
lost and reproduction is entirely asexual. This is another 
mark of that degeneracy among the Fungi which is other- 
wise indicated by their low organisation ; this degeneracy 
is to be ascribed to their mode of life. 

Amongst the Fungi we recognise that there has been a 
gradual adaptation to aerial conditions, becoming very 
perfect in the higher groups. Evidence of this is found 
in the fact that, even in the group which lies nearest to 
the Algae, the gametes are not ciliated (except in one small 
family) ; and that in the other groups the “ spores ” or 
gonidia are eminently adapted for transport through the 
air. When the gonidia are cut off from the end of a 
hypha by a process resembling budding they are called 
conidia. 

The plant may be regarded as representing the game- 
tophyte, although in the higher groups the sexual organs 
have been lost. There is no distinct alternation of genera- 
tions (see § 5, p. 464). At most there is but an indication 
of a sporophyte in some of the sexual forms. 

The types whose structure and life-history we now pro- 
ceed to describe will serve to illustrate most of the above 
points. 

Mucob. 

§ 6. Structure and Mode of Life. — Mucor is one of 
the commonest of those Fungi which are called “ moulds.” 
In its mode of life it is a saprophyte, and grows on many 
different kinds of organic substance. A growth of it can 
readily be obtained if fresh horse-dung, or bread which 
has been soaked in water, is, kept under cover for four or 
five days at a moderate temperature. It makes its appear- 
ance in the form of little white patches, which gradually 
spread and unite. The commonest species are M, mucedo 
and M, siolonifer. 
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The mycelitim (Fig. 280) is copiously branched. It 
ramifies in the organic substance on which the fungus is 
growing, and absorbs nourishment from it. The branches, 
or hyphsB, get liner and finer the deeper they pass into the 



Fig. 280.--3/Mcor. 

A, A portion of a mycelium bearing gonidiophorcs ; B, A single gonidungliim. 


substratum. The structure of the mycelium can readily 
be made out if a portion of it be teased out in water on a 
slide, and examined under the microscope. The finely 
granular protoplasm contains small vacuoles and oil-glo- 
bules. With special methods of preparation the presence 
of numerous small nuclei can demonstrated. In an 
actively growing mycelium there are no septa, although 
these may occasionally be found in old growths. The 
mycelium, therefore, does not consist of definite cells, but 
is a coenocyte. 

§ 7. Aseznal Beprodnction (Fig. 280). — This is effected 
by means of small oval gonidia. If a growth of Mucor 
be observed, rather stout aerial branches will be found 
springing from the surface of the mycelium. Each bears 
at its tip a spherical sac, which is a gonidangium (p. 463). 
The gonidangium is formed simply by the swelling of the 
upper end of the aerial branch. It is cut off from the 
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lower portion, tlie gonidiopliore, by a distinct septum, 
which afterwards, during further development, protrudes 
into the gonidangium to form a structure called the colu- 
mella. As tlic gonidangium ripens it becomes black. Its 
wall is studded with spicules of calcium oxalate. 

The gonidia are developed inside the gonidangium by 
division of the protoplasmic contents; they are multinu- 
cleate. The part of the protoplasmic contents which is 
not used in their formation gives rise to a mucilaginous 
substance, which later, by absorption of water, brings 
about the bursting of the gonidangium. Each gonidium, 
when set free, puts out a germ-tube and forms a new 
mycelium. 

The gonidangia and gonidia are also called sporangia and spores 
(or cndosporcs) respectively (see p. 463). The gonidia are not called 
conidia here, as they are not formed by abstriction from a hypha 
(see p. 490). 

§ 8. Sexual Reproduction (Eig. 281). — Sexual organs 
may be formed in MucoVy although not so frequently as 

in some closely-allied forms. 
Their development seems to 
depend on external conditions. 
The sexual method of reproduc- 
tion is isogamous, and consists 
in the conjugation of undiffer- 
entiated motionless gametes 
(cf. Spirogyrd), leading to the 
formation of a zygospore. In 
the process two mycelial 
branches, the gametophores, 
approach each other, and their 
terminal portions are cut off by 
the formation of septa to form 
gametangia, whose undiffer- 
entiated protoplastic contents constitute the gametes. 
The latter are multinucleate, and for this reason have 
been called coenogametes. 

The gametangia meet, and owing to gradual absorption 
of the walls at the point of contact, the two gametes come 


A 

GAMETANGIA 

B 

ZYGOSPORE 

C 

Fig. 281 .— The Pkockss of 
C tWJ.UOATION IN Mircoii. 




FUNGI AND BACTERIA. 


493 


together and fuse with each other. The structure thus 
formed is the young zygospore. When fully developed it 
is black, and its wall consists of two layers.. a rough cuti- 
cularised exosporium and a delicate endosporium. 

Some species of Mucor are apparently dioecious, the 
gametophores being formed on different plants. 

§ 9. Germination of the Zygospore (Fig. 282). — After 
a period of rest the zy gospore germinates. The exosporium 
is ruptured, and the endosporium grows 
out to form a simple or slightly branched 
tube called the promycelinm. Tliis 
bears at its apex a single spherical spor- 
angium which resembles in all respects 
the gonidangium described above. Each 
of the spores fonned inside it on germi- 
nation produces a normal mycelium. 

Some botanists regard the promycelium 
as a rudimentary sporophyte. Others 
regard the promycelium as simply a 
reduced or rudimentary mycelium, and 
do not admit that the alternation found 
here is at all comparable with the alter- 
nation found in higher types. 

The gametes may develop without con- 
jugation. Either fusion fails to take place or the gametes 
are produced singly. They give rise to thick- walled cells, 
which germinate like zygospores, and are called azygo- 
spores (see p. 473). 

§ 10. The Torula Condition. — If the mycelium of 
Mucor is immersed in a nutritive solution, it may break up, 
by the formation of septa, into chains of cells. These cells 
are sometimes thick-walled, and are simply resting-cells 
(chlamydospores or chlamydogonidia), which, under normal 
conditions, would produce newmycelia. Frequently, how- 
ever, they are thin- walled (oidium cells). In this case they 
separate from each other, and are not only capable of 
budding or sprouting like yeast-cells, but, like yeast-cells, 
are also able to produce alcoholic fermentation in a 





Fig. 282 . — Gkrmina- 

TION OF TflK ZyOO- 

si'ORK OF Mucor. 
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saccharine fluid. This is known as the “ torula condition ” 
of Mucor, 

< 

§ 11. Mucor belongs to the group of Phycomycetes 
known as Zygomycetes, in which there is isogamous sexual 
reproduction. 


Pythium 

§ 12. Structure and SCode of Life. — If large numbers 
of cress-seedlings {Lepidium sativum) are grown together 
under very moist conditions, it is found that they become 
“diseased.” They fall over, turn pale, and then brown, 
and finally begin to rot. The disease begins at certain 

FREE HYPHAE 



Fig. 283 . — Pythium. 

Epi^nnis of a plant attacked by the fungus. 


points, and spreads in circles. It is spoken of as the 
“ damping off ” of seedlings, and is caused by the attack of 
a fungus called Pythium de Baryanum, one of the com- 
monest species of Pythium, 

The fungus attacks the seedling near the base, and 
begins to eat into its tissues, penetrating upwards into the 
stem and downwards into the root. The disease can be 
stopped at an early stage by admitting abundant hght and 
air, for Pythium can live only under moist conditions. If 
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the moist conditions are maintained, the hyphae of the 
fungus extend from one seedling to another until they are 
all reduced to a blackened rotting mass, covered by dense 
white felts of mycelia like spider’s web. The fungus, 
beginning as a parasite, continues to live as a saprophyte. 
Other species of Pythium attack seedlings in the same 
way ; some live normally as saprophytes. 

The mycelinm of Pythium (Fig. 283) is a much- 
branched, non- septate coenocyte (cf. Mwcor and Yaucheria). 
Its protoplasm contains numerous small nuclei and oil- 
globules. The hyphae may eat right through the cells of 
the host or ramify between them. 

§ 13. Asexual Reproduction (Fig. 283). — If a diseased 
seedling is placed in a watch-glass in water and kept under 
observation, it will be found that the ends of some of the 
hyphae, which grow out from the surface of the plant, or 
of small branches of these, swell up and become globular. 
These globular swellings are cut off by distinct septa. 
They are asexual reproductive 
organs. They produce new my- 
celia in two ways, according to 
the conditions under wliich they 
are developed. 

Sometimes, if there is scarcity 
of water, they fimction as 
** spores ” or conidia, and each 
without being set free sends out 
a germ-tube which grows into 
a mycelium directly. At other 
times, when there is abundance 
of water, they function as goni- 
dangia (also called zoosporan- 
gia). ISach (Fig. 284, a-e) 
develops a little protuberance 
which expands to form a round 
thin- walled vesicle into which the protoplasmic contents 
pass. These divide into a niunber (9 or 10) of zoogouidia, 
which are set free by the rupture of the wall of the vesicle. 
The zoogonidium is a very minute, colourless body with 



Pig. 284. — Gonidanoium of - 
Pythium. 

Stiiges in the production of 
/oogotiidia. 
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two cilia. After moving about for some time it comes 
to rest, withdraws its cilia, rounds itself off, and forms an 
investing wa}l. A hyplia is then sent out, wliicli makes 
its way into another seedling, either by boring through 
the wall of an epidermal cell or by means of a stoma. 

The production of zoogonidia is a distinct resemblance 
to what we find in the Algae, but there is an indication of 
adaptation to aerial conditions in the fact that the repro- 
ductive bodies may germinate directly. 


§ 14. Sexual Reproduction (Fig. 285). — The female 
organ is an oogonium. It may be formed on the end of a 
hypha (terminal) or on the course of a hypha (intercalary), 

either outside the seedling or 
.OOGON. OVUM tissues of the seedling. 

‘ ' ' arises as a globular swelling 

bears a close 
resemblance to the asexual re- 
productive organ. It is cut off 
0 by a septum from the rest of 

I f ! the hypha. At first the pro- 



PERIPLASM 



toplasmic contents have many 
nuclei, but soon a central region 
containing one nucleus, consti- 
tuting the oosphere, is marked 
off from a peripheral region, 
called the periplasm, contain- 
ing the other nuclei. 


Fig. 285.— skxual Reproduction The male organ, called the 

IN’ l^YTUHJM# • ^ ^ 

B, FettiliBation ; Dr Gomiination poUmodiuiii, is developed on a 
ofooapoTc. branch which arises either on 


the same hypha as the oogoni- 
um, or on another hypha. It is separated off by a distinct 
septum, and its protoplasmic contents are differentiated 
into a central portion, the male gamete, and a peripheral 
periplasm. The male gamete has no cilia, and for this 
reason the male organ is usually called a pollinodium and 
not an antheridium. By some, however, it is called 
the antheridium. 


The pollinodium is more or less club-shaped. It applies 
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itself closely to the oogonium, and develops a tubular 
process, the fertilisation-tube, which pierces the wall of 
the oogonium and carries the male gamete«to the ovum. 
This process can be readily observed in Fythium The fer- 
tilised ovum forms a thick wall and becomes the oospore. 
The outer layer of the wall is formed from the periplasm. 

The sexual organs and oospores are produced after the 
asexual organs, when the conditions for rapid growth and 
reproduction by asexual metliods are becoming unfavour- 
able. The oospores are essentially resting spores. They 
remain inactive during the winter and germinate in the 
following spring. This is why seedlings grown on the 
same ground as seedlings attacked the previous year are so 
liable to the disease. 


ZOOSPORE 



OOSPORE 



JGAMETE 


OOSPHERE 

t ,f 

OOGON. POLL*^ 

jy 

MYCELIUM 

^ (GAMETOPHYTE) ^ 
GONIDIUM 
ZOOGONIDIUM 

Fig. 2S0.--GRAPHICAL Life-history op Pythium. 


If the conditions are favourable the oospore sends out a 
hypha which directly develops into a mycelium ; if un- 
favourable, the oospore either forms a number of small 
zoospores directly from its protoplasm, or sends out a little 
tube or hypha, called a promycelium, in which zoospores 
are developed (Fig. 285, d). The zoospores closely re- 
semble the zoogonidia and germinate in the same way. 
The promycelium has been considered to represent a very 
rudimentary sporophyte. Where it is not developed the 
oospore in itself, or together with the zoospores it produces, 
may be supposed to represent the sporophyte (Fig. 286). 

BOT. 32 



FUNGI AND BACTEBIA. • 


§ 16. Fythium belongs to the group of Pliycomycetes 
known as Oomycetes, in wliicli tlie sexual reproduction is 
beterogamou^j. The close resemblance between the struc- 
ture of the mycelium and the reproductive organs of 
Fythium, and the thallus and reproductive organs of 
Vauclieria should be carefully noticed. 

Eueotium. 

§ 16. Habit and Structure. — Eurotium is a saprophyte. 
It lives on decomposing organic substance. It is frequently 
found on the surface of mouldy bread, damp fruit and 
vegetables, preserved fruit, etc., and belongs to the 
miscellaneous group of Fungi known as moulds, which 
form filamentous growths on the substances on which they 
live. If a piece of dry, stale bread be kept under a bell- 
jar, one of the commonest species, Eurotium Aspergillus- 
glaucus, a green mould, will be found. At first, before the 
reproductive bodies are developed, the mould is white j but 
when it enters on the reproductive stage it assumes a 
greenish colour. 

The mycelium (Fig. 287) consists of a tangled mass of 
hyph© ramifying in and on the surface of the nutrient 
substratum. It is much branched, and the hyph© are 
divided at intervals by transverse septa. Each segment of 
a hypha contains a mass of granular vacuolated protoplasm, 
with several nuclei and oil-globules. The structure is 
coenocytic. Starch and plastids are wanting. The hyph© 
which ramify beneath the surface absorb nutrient organic 
substance. ^ 

§ 17. Asexual Beproduciiou (Fig. 287). — From the 
mycelium numerous straight and, as a rule, non-septate 
branches pass up into the air. Each is given off from a 
hypha, usually at a point immediately behind a septum. 
These branches bear the conidia (gonidia), and are there- 
fore called conidiopbores (gonidiophores). The head 
of each conidiophore swells up and becomes spherical. 
On this spherical head arise a large number of peg-like 
outgrowths called sterigmata. From the apex of each 
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sterigma as it elongates conidia are separated by abstric- 
tion one after the other. In this way rows or chains of 
conidia are formed on the 
sterigmata ; the oldest 
conidia are at the apex of 
each row. 

The conidia are small 
oval bodies with a green- 
ish colour and more or 
less spiny surface. Their 
protoplasm contains 
several nuclei and oil- 
globules, and they have 
two coats, exoB'porium and 
endosporium. These coni- 
dia are produced in enor- 
mous quantities, and are 
very readily carried 
through the air. It is 
because they are always 
present in the atmosphere 
that decaying substances 
so readily become infected mycelium 

with the fungiw On k*. 287.-K<™ot.um. M.ckuum a™ 
reaching a suitable sub- conidiopuork. 

stratum they germinate 

in the usual way, and produce new mycelia directly. They 
will germinate very readily in a weak decoction of plum 
juice. 

§ 18. Sexual Reproduction (Fig. 288). — In Eurotium 
the same mycelium which has produced conidia eventually 
bears sexual organs. The female organ is called an 
archicarp. It differs from the female organs we have 
already become familiar with in that its protoplasm is not 
rounded off to form an ovum. The male organ is a 
pollinodium. 

In the development of the archicarp the end of a hypha 
becomes coiled, at first loosely, but later very closely. 
This tightly-packed spiral organ, consisting of four or 
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five coils, is the archicarp. In Eurotium it is at first non- 
septate, and its protoplasm is niultiniicleate. The apical 
portion is cabled the trichogjne ; the lower coiled portion, 
the carpogoniuin. Several slender branches arise from the 
hypha beneath the archicarp. One of these develops faster 



Fig. 2S8.— EuilOTIUM. DeVELOI’MENT of Sporocarp and Ascospores. 


than the others, and arches over to the apex of the archi- 
carp. It is the pollinodium ; like the archicarp, it is non- 
septate and multinucleate. 

Fertilisation is effected by the contents of the pollino- 
dium passing over into the archicarp. The actual process 
of transference, after having been long and carefully looked 
for, has now been described by several observers. The 
other branches arising below the archicarp are sterile. At 
first few in number, they are afterwards numerously de- 
veloped. They wrap round the archicarp, and, by inter- 
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weaving and septation, give rise to a false tissue (pseudo- 
parenchyma), completely enclosing it. This false tissue 
sends in hyphal branches between the coils of the archicarp, 
and thus gives rise to a “filling tissue ” wMch separates 
the coils. 

The fertilised archicarp liecomes septate and develops 
small outgrowths, the ascogenous hranchea, which penetrate 
into the false tissue. The ends of these outgrowths are cut 
off by septa and form unicellular sporangia called asci. 
The young ascus has at first two nuclei. Those fuse to- 
gether, and then, by a process of free cell-formation, eight 
ascospores are formed inside the ascus. The peripheral 
protoplasm of the ascus (epiplasm) is not used up in the 
formation of ascospores. It contains a large quantity of a 
carbohydrate called glycogen, serving for the nourishment 
of the spores. During the development of the asci the 
whole of the central “ filling tissue ” is disorganised. Thus 
from the archicarp and the investing sterile hyplije, a sporo- 
carp has been formed. 

The wall of the sporocarp consists of small-celled pseudo- 
parenchyma, and encloses a number of eight-spored oval 
asci. It is also spoken of as an ascocarp. In the ripen- 
ing of the sporocarp only the outermost layer of the wall 
persists ; its cells become dry and firm and covered with 
an oily secretion, Avhich gives the sporocarp a yellow colour. 
The asci are disorganised, and the ascospores are eventually 
liberated by the bursting of the wall of the sporocarp. 
The ascospore, which was oval when young, is biconvex 
when fully developed. In germination the exosporium is 
ruptured; the endosporium grows out and directly pro- 
duces a mycelium. 

§ 19. Eurotium is a type of the large group of Fungi 
called Ascomycetes, which are characterised by the pro- 
duction of asci and ascospores. It was formerly a disputed 
point whether the archicarp and pollinodium were really 
sexual organs. Some regarded the archicarp simply as 
an organ producing another kind of asexual “spore” or 
gonidium, and the polUnodium as one of the sterile 
hyphsB. According to this view there was no indication 
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of an alternation of generations, and Eurotiumi^xhibited 
a form of polymorphism quite different from that exhibited 
in the alternation of gametophyte and sporophyte — namely 
the productioli at different stages of two kinds of asexual 
organs. Now that the archicarp and pollinodium are 
known to be sexual organs we may regard the life-history 
as showing an indication of an alternation, in which the 
sporocarp, or rather, seeing that the wall of the sporocarp 
is derived from mycelial hyphse, the asci and ascospores 
represent the sporophyte. 

§ 20. Fenicillium glancnm is a blue mould very similar in habit 
and structure to Eurotium. The apex of each conidiophore, instead 
of being globular, divides into a number of finger-like processes 
bearing the sterigmata. In Fenicillium sporocarps are developed 
only in special circumstances — namely, when free access of light and 
air is prevented. The conidia of this fungus, if grown in a saccharine 
solution, under certain conditions, give rise, not to a filamentous 
mycelium, but to isolated cells resembling yeast. This is the tornla 
condition (cf. Mucor, p. 493). Like yeast, it excites alcoholic fer- 
mentation. 


Claviceps Purpurea (Ergot op Kye, etc.). 

§ 21. General Life-history. — The life-history of this 
fungus shows three well-marked stages or phases, and 
affords an illustration of the polymorphism which is so 
common amongst Eungi. 

(1) The Sphacelia or Honey-dew’’ stage is found 
on various cereals and grasses. It has been most carefully 
studied in the case of Rye (Secale cereale), but it also 
occurs on Barlgy, Wheat, etc., and on some of the grasses 
commonly found on roadsides, in meadows, and in waste 
places (e.g. Lolium perenne). It is the active parasitic 
stage in which the fungus attacks the developing pistil, 
and forms a mycelium which grows vigorously and repro- 
duces itself by means of conidia (Pig. 289). 

(2) The Sclerotinm stage is the resting or winter 
stage. In autumn, the Sphacelia forms a hard, slightly 
curved body, of a dark purple or black colour, which pro- 
trudes from between the paless of the flower, and may 
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attain the length of an inch or even more (Fig. 291, a). It 
falls to the ground and undergoes no change till the follow- 
ing spring. It was to this body that the name ergot was 
first given in reference to its shape (from 0. 'Fr. argot, a 
cock’s spur). Hard resting bodies of this kind are formed 
by many fungi and are called sclerotia. 

(3) The Ascospore stage. The sclerotium or ergot 
eventually produces a number of club-headed structures, 
called stromata (Fig. 291, b), in which asci and ascospores 
are developed. From these the Sphacelia form again arises. 

At first the connection between these three stages was 
not recognised. They were regarded as distinct fungi and 
received the generic names Sphacelia, Sclerotium, and 
Claviceps* respectively. The last is now taken as the 
generic name of the fungus in all its forms. 

§ 22. The Sphacelia Stage (Figs. 289, 290). — The asco- 
spores, which are peculiar in being very slender and thread- 
like (Fig. 294, b), are liberated just when the flowers of the 
host plants are appearing. They are carried to the flowers 
by wind and there germinate. In the process of germina- 
tion little swellings appear on the ascospore, and at these 
points the germ-tubes are developed. They pierce through 
the epidermis find make their way into the tissue at the 
base of the young ovary. 

The mycelium which is rapidly developed consists of 
septate hyphge. It not only ramifies in the tissue of the 
ovary, but also, after a time, spreads over its surface and 
envelops the greater part of it with a dense white covering 
of interwoven hyphse, showing numerous folds and con- 
volutions. This investment is the conidiophore. The 
free ends of the hyphse become slightly swollen, and form 
sterigmata from which small oval coxiidia are successively 
abstricted (Fig. 289). 

The conidia are developed in great numbers, and are 
embedded in a sweet and somewhat viscid fluid which is 
formed by the disorganisation of the outer layers of the 
walls of both hyphse and conidia. This fluid is called 

* l^atin clava, a club, 
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honey-dew ” and its appearance on rye and other crops 
is a source of anxiety to the farmer. Flies and other 



Fig. 280.— Clavioeps (Sphacei.ia Stage). 
Section of Conidiophoi’e. 


insects are fond of it. They are attracted to it by its 
odour, and by their agency the infection is spread to other 
plants. A conidimn carried in this 
way to another flower sends out a 
germ-tube which pierces the base 
of the ovary and produces another 
mycelium. 


SPHACELIA 


§ 23. The Sclerotium Stage 

(Figs. 290-292).— When the growth 
of the mycelium has continued for 
ericDoiriiiM ^ Considerable time, the mass of 
interwoven hyphse at the base 
of the shrivelled pistil becomes 
densely compacted, and forms a 
_ ^ false tissue which is the beginning 

Fig. 200.— Claviceps. i! xi i i • mi x ® 

Vortical Boction through do «>£ the sclCTotium. The outer 
veioping sclerotium. layers of this tissue become dark- 
coloured and growth now goes on 
actively in this region. The sclerotium rapidly elongates 
and assumes its curved hom-like shape. As it does so it 
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bears at its apex the remains of the Sphacelia and the 
pistil (Fig. 290), and finally these are thrown off. 

The sclerotium or ergot is fully formed just when the 
grain ripens. It then protrudes from between the paleae, 
but is easily detached. Unless the crop is harvested early, 
it falls to the ground and there remains in a dormant con-' 
dition till the following spring (Fig. 291, a). 



Fig. 201.— CKAVtCKPa. 

A, Sclerotium, renting ntsige ; 1), Sclero* 
tiuTii with stromata. 



Fig. 202.— Clavic^ei'S. 
Trati«vei>5e section of germinating 
sclerotium showing a ilevelop- 
ing stroma. 


If a transverse section of the sclerotium be taken (Fig. 
292) it is found to consist of a dense pseudoparenchyma 
formed of fine united hyphse. The outline of the section is 
somewhat irregular and is interrupted in places by fissures 
or cracks. The outer layers are very darlv-coloured. The 
cells of the central tissue are laden with oil, and also contain 
an alkaloid, called ergotin, and other poisonous substances, 
to which the peculiar properties of ergot are due. 


§ 24. The Ascospore Stage. — ^In spring or early summer 
the sclerotia begin to develop their stromata. The process 
can be readily observed if at this time some of them (in 
good condition) be kept half buried in damp clean sand 
under a bell-jar. The first sign of development (it may 
not be till after the lapse of several weeks) is the appear- 
ance of a number of little swellings on the surface and 
sides of the sclerotium. Then the dark-coloured outer 
layer is gradully ruptured, and the light-coloured heads of 
the stromata protrude (Fig. 292). The development of 
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each stroma is due to the outgrowth of a tuft of hyphse 
from the light-coloured inner tissue of the sclerotium. 

Each stroma consists, when fully developed, of a light 
coloured purpl’ish stalk, an inch or more in length, and a 
rounded head of a light brown or orange colour (Fig. 
291, b). As in the case of the sclerotium, the liyphee of 
the stroma are closely interwoven and united, and form a 
false tissue. The head is covered with minute papill®, on 


PERITHECIA 



Fig. 203.— C LAV I CEPS. 
Vei-tioal section tlii'oiigh n 
stronia, ' showing the pei i- 
thecia. 


Fig. 294.— Claviceps. 

A, Section through a peiithecium, showing tlio 
asci ; B, A single ascus, ascospores escaping. 


which are situated the openings or ostioles of numerous 
flask-shaped cavities, called perithecia, which lie in the 
peripheral tissu^ of the head. Tliese perithecia can be 
readily seen in a vertical section of a stroma (Fig. 293). 

From the cells in the floor of each perithecium are 
developed a number of elongated club-shaped asci, which 
project upwards towards the ostiole (Fig. 294, a). The 
contents of each ascus divide to form from six to eight 
thread-like ascospores (Fig. 294, b). When the asci are 
ripe they burst. The ascospores escape through the ostioles, 
and some of them, carried as already describe to the young 
flowers of a grass, produce the Sphdcelia again. 
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§ 25. Ifotes on the Life-history. — Like Eurotmm and 
Penicillium, Glaviceps belongs to the Ascomycetes. It is, 
however, placed in a different division of that class. The 
classification is based on the character of tlie sporocarp or 
ascpcarp (p. 501). In Clavice^ps it is a perithecium ; in 
EurotiurHf a cleistocarp, that is, a closed case. 

The life-history of Claviceps is more complicated than 
that of Eurotium, owing to polymorphism. The mycelium 
of Eurotium, after a period of asexual reproduclion by 
conidia, produces sexual organs, and is therefore the 
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Pig. 295.—OIJIVICEPS. 
Graphical rcpreaentatitm of lifo-histoiy. 


gametophyte. What corresponds to the gametophyte in 
Claviceps is represented by the three forms or stages 
described above. There is, however, in Claviceps no 
actual gametophyte. There are no sexual organs, and by 
comparison of this life-history with that of other Ascomy- 
cetes the conclusion is reached that the ascocarps or 
perithecia are here produced apogamously. A graphical 
representation of the life-history is given in Fig. 295. 

The life-history is also interesting from the fact that it 
exhibits the phenomenon known as Lipozeny, that is the 
desertion or abandonment of host (Q-r. Xnreiv^ to abandon, 
^€vo5, host). The Sphacelia form, as we have seen, is para- 
sitic on Eye and other grasses, but the fungus then deserts 
its host, and the resting stage is passed on the ground. 

The fungus in all its forms shows remarkable adap- 
tation to the conditions of its existence. The abundant 
production of conidia and the method of their distribution 
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(cf. insect-pollination in flowers) provide for the rapid 
spread of the active Sphacelia form. The sclerotium is 
developed and falls to the ground in time to prevent its 
being removed* with the crop. The ascospores are produced 
just when the grass flowers appear, and by position and 
form are adapted for wind transport. 


Saccharomyces (= Yeast). 

§ 26. Habit and Structure. — This is the fungus which 
is the exciting cause of alcoholic fermentation in saccharine 
solutions. S. cerevism is the beer-yeast (brewer’s yeast) ; 
S. ellipsoideus is the species which sets up fermentation in 
grape- juice in the manufacture of wine. The yeast-plant 
is a saprophyte, and thrives best in saccharine solutions 
containing in addition small quantities of nitrogen- and 
sulphur-compounds . 

The mycelium is not, as in most of 
the other Fungi, a branched filamen- 
tous structure, but consists of isolated 
cells or groups of cells (Fig. 296). 
Each cell is more or less oval, some- 
times almost spherical, and contains 
granular protoplasm, a central vacuole, 
and a number of oil-globules. Each cell has also a single 
nucleus which can be seen by special methods of staining. 


t ^..VACUOLE 

. BUD 

iii' 


Fig. 20G. — YKAST-rELtfij 

SIIOW^ING PULLULATION. 


§ 27. Vegetative Heproduction. — The common method 
of reproduction is by vegetative budding. If yeast-cells in 
an active state of^rowth are examined, it is found that 
each gives rise to a tiny outgrowth which gradually in- 
creases in size, and is finally cut off as a separate yeast- 
cell. This process is known as pullulation or gemmation 
(Fig. 296). It differs from ordinary cell-division (of which 
it may be regarded as a modification) only in that a cell is 
not directly divided into two daughter-cells, but that there 
is a gradual growth of a daughter-cell on the parent-cell. 
The daughter-cells, before being separated off, may repeat 
the process, and thus we have the formation of cell- 
groups. 
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§ 28. Spore-Reproduction. — This is met with only 
under unfavourable conditions, more especially when there 
is an insufficiency of food-material, e.g. when yeast-cells are 
grown on the cut surface of a potato, or on^moist plates of 
plaster-of- Paris, or left in a neglected condition in a jar. 
In these circumstances the process of puUulation ceases, 
and certain of the yeast-cells become larger and form 
sporangia. The nucleus of each sporangium usually divides 
into four nuclei. The protoplasm aggregates around each 
of these, and four spores are formed, each with a firm, stout 
wall. In some cases eight spores, or less than four may 
be formed. They must be considered as resting spores 
specially developed to cope with unfavourable conditions of 
existence. When they germinate, on the return of favour- 
able conditions, the outer coat of the spore is burst, and the 
process of puUulation begins. 

The spores are developed in exactly the same way as the 
ascospores of the Ascomycetes. In both cases they are 
formed by f ree-ceU formation, the peripheral layer of proto- 
plasm of the sporangium not being utilised (§ 18). We 
have also seen that in some Ascomycetes, e.g. Penicillium 
glaucum (§ 20), the yeast or torula condition is met with 
in certain circumstances. On these facts is based the 
view that the spores of the yeast are ascospores, and the 
cell (sporangium) in which they are developed an ascus ; 
and that the sporangia and spores of the yeast represent 
in a rudimentary form a sporophyte apogamously de- 
veloped, According to this view Saccharomyces is a very 
degraded Ascomycete in which the torula condition has 
become fixed. 

In a few species of Saccharwnyces a process of conjugation has 
recently been described, in which conjugation-tubes are developed 
either between pairs of cells or between the outgrowths from 
germinating spores. In one or two closely allied plants (e.g. Zygo- 
saccharomyces, the Ginger Beer Yeast) it occurs just before spore- 
formation. In this way a fusion of nuclei] is effected. This 
has been very generally regarded as being of the nature of a sexual 
process, but it is doubtful if any sexual significance is to be 
attached to it ; possibly it may correspond to the fusion of 
nuclei observed in young asoi before free cell-formation begins 
(p. 601 ). 
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§ 29. Alcoholic Fermentation. — In the process of 
alcoholic fermentation induced by yeast, grape-sugar is 
decomposed. The chief decomposition products are alcohol 
(CgHgO) and ‘carbon dioxide, but there are also minute 
quantities of glycerine and succinic acid. The general 
equation might be represented thus : — 

CeH,A = 2C,HeO + 2CO,. 

It has been shown that while the yeast-cells thrive best 
in the presence of oxygen, i.e. while the growth and divi- 
sion of the yeast-cells is most rapid in this condition, the 
weight of sugar transformed into alcohol and carbon dioxide 
per unit weight of yeast is much greater in the absence of 
oxygen ; and that, when oxygen is abundantly supplied, 
relatively little alcohol is produced. 

We have already had examples of similar decompositions 
in the digestion of stored food-material effected by the 
action of definite chemical substances called unorganised 
ferments, which can be extracted and act apart from living 
protoplasm. Fermentation processes, such as that effected 
by yeast, differ in that the decomposition seems to depend 
essentially on the presence of living organisms. The con- 
clusion was arrived at that the protoplasm of such organ- 
isms could itself act as a ferment, and the organisms were 
* spoken of as organised ferments. From yeast, however, 
a chemical substance, called zymase, has been extracted 
which can induce alcoholic fermentation; and recent work 
on enzymes, on similar lines, tends to the conclusion that 
in all cases the action is due to the presence of unorganised 
ferments. 

j 

§ 30. The Meaning of Fermentation. — ^All plants 
must have a supply of energy for carrying on their meta- 
bolic processes, and for the performance of internal and 
external work. In most plants the necessary energy is 
liberated by oxidative decomposition (p. 184), to which the 
term of aerobic respiration is usually applied, and most 
plants die if deprived of oxygen. 

Some plants, however, can obtain a supply of energy in 
another way, which does not necessarily involve any con- 
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sumption of oxygen — namely, by breaking down the com- 
plex substances of which their food is composed, whicli 
process is usually termed anaerobic respiration (p. 184). 
In many cases it appears that the aid of ferments is invoked 
by the protoplasm in order to induce these decompositions, 
and it seems probable that this is true in all cases. 

The term fermentation is a popular one, and is applied 
to cases of anaerobic respiration when the products of the 
latter are unusually conspicuous or abundant. The ten- 
dency to produce a ferment is so strong in the case of the 
yeast-plant that its production does not entirely cease even 
in the presence of oxygen, when the plant can obtain all the 
energy required by aerobic respiration. 

Agaeicus campesteis— The Musheoom. 

§ 31. General. — Agaricus is a very large genus in- 
cluding many subgenera and species. It belongs to the 
large group of Fungi called Basidiomycetes. Popularly 
most of the plants included in it are called ** toadstools ” 
and “ mushrooms.” Most of them are saprophytes, and 
are to be f oimd in abundance in damp woods where the soil 
is rich in organic substance. A few, however,, are parasitic, 
and very injurious to trees which they infest. Apart from 
this they all closely resemble each other in structure and 
in the general course of their life-history. Agaricus cam- 
pestris is the common mushroom. 

§ 32. Habit and Structure of the Mushroom (Fig. 
297). — The mushroom is a saprophyte. It lives on decom- 
posing organic substances (humus) in meadows and other 
localities. The part of the fungus which is seen above 
groimd — ^the part which is called the toadstool or mush- 
room — is only the reproductive structure, the fructification 
or conidiophore. This is developed on a delicate filamen- 
tous mycelium, the vegetative body or thallus, which 
ramifies tlu*ough the soil and absorbs the organic com- 
pounds on which the fungus lives. 

The so-called “ mushroom-spawn ” so largely used in the 
cultivation of mushrooms, consists simply of compacted 
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blocks of well-manured soil containing a tangled mass of 
mycelial hyplise. If these be buried in a suitable locality 

(i.e. damp and rich in 
humus products), the 
mycelium grows and 
develops conidio- 
phores. 

The much-branched 
filamentous mycelinm 
is incompletely septate, 
i.e. the segments into 
VELUM which the septa divide 

the hyphsB are coeno- 
cytic. The hyphse are 
colourless, and contain 
vacuolated protoplasm 
with nuclei and oil- 
globules. Frequently 
the hyphse may be 
found running in 
strands, and anasto- 
moses between them 
are not uncommon, 

MYCELIUM 

Fig. 297 .— The Mushroom. § 33, Reproduc- 

tion. — The reproduc- 
tion of Agarictis is asexual, being effected solely by means 
of conidia. Sexual reproduction has been completely lost 
in the group of Fungi to which Agaricus belongs. 

§ 34. The Cofadiophore (Fig. 29!^), on which the conidia 
are produced, is a very massive organ. It seems altogether 
different in its structural characters from the filamentous 
mycelium on which it is developed. Examination shows, 
however, that it is really a false tissue (p. 488), consisting 
of compacted interwoven hyphes resembling those of the 
mycelium. It consists of a massive circular umbrella- 
shaped head, called the pilous, borne on top of a stalk, the 
stipe. 

The upper surface of the pileus is more or less rounded 
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and convex. In the different species of Agaricus it shows 
an immense variety of colour, due to the presence of 
colouring matters in the cell-walls. The \yider surface 
bears a large number of delicate vertical plates radiating 
from the stipe to the edge of the pileus. These bear an 
external resemblance to the gills of fishes, and are spoken 
of as the giUs or lamellsB. In the Mushroom they are 
flesh-coloured when young, but become a rich chocolate 
brown when fully developed, and covered by innumerable 
brown or black conidia. 

Encircling the stipe, close to the attachment of the 
pileus, are the remains of a membrane which originally 
extended from the stipe to the edge of the pileus and closed 
in the “ gill-chamber.” This torn membrane is called the 

velum. 



Fig. 298.— Agaricus. 

Section across one of the gills. The diagram to the right represents the hymenium 
and Bub'hymenium more highly magnified. 

(Four conidia should have been shown on each basidium.) 

§ 35. Strnetnre of the Conidiophore. — The hyphss in 
the cortical region of the stipe are densely compacted, but 
the central or meduUary region consists of loosely inter- 
woven hyphes with numerous spaces between them. 

BOT. 33 
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If a vertical section be taken across a lamella it shows 
the following structure (Fig. 298). There is a central core 
of interwoven hyphse known as the trama. These hyphse 
curve outwards towards the surface of the lamella, and end 
in small cells, which form what is known as the snbhy- 
menial layer. Outside these again, forming the super- 
ficial layer of the lamella, are larger, rather stout and 
slightly elongated cells . This is the h. 3 rmenixim or hymenial 
layer. 

The cells of the hymenium are of two kinds : (a) barren 
cells called paraphyses ; (5) cells called basidia. Each 
basidium bears at its apex usually four slender processes 
called sterigmata, and from each sterigma a small rounded 
coiiidium or basidio-spore is abstricted. 

Each basidium has at first two nuclei. These fuse together. 
By division of the resulting nucleus a number of nuclei are then 
formed, two of which pass into each conidi um or basidiospore. 

§ 36. The couidia are produced in great abundance. 
This can be demonstrated by laying a ripe pileus for some 
time on a sheet of paper. A sort of print of the under 
surface of the pileus is obtained owing to the thick deposit 
of conidia. The conidia when ripe fall off, and, if they 
reach a suitable soil, they germinate. Each sends out 
a hypha, which grows and branches and produces a new 
mycelium. The germination has only been observed after 
considerable difficulty. The growth of the mycelium from 
the conidium is slow, and conidiophores are not produced 
till after a lapse of seven or eight months. 

rf 

§ 37. Development of the Conidiophore. — Fig. 299 
shows various stages in the development of the fructifica- 
tion. It makes its appearance on a strand of the mycelium 
as a tiny rounded or pear-shaped body, consisting of a 
tangle of hyphse. At first there is no distinction between 
stipe and pileus, but, as growth goes on, the apex of the 
developing structure expands to form the pileus. In this, 
towards its lower surface and completely enclosed in the 
tissue, an annular cavity appears. In the roof of this 
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cavity the lamellsD are differentiated, and its floor becomes 
thin and membranous, forming the velum, which is rup- 
tured towards the close of development. 



Fig. 299.— Aoabicus. 

Stages in development of conidiophore. (Diugrammatio longitudinal sections.) 

Bacteria (= Schizomycbtbs). 

§ 38. General. — The Schizomycetes, commonly spoken 
of as Bacteria or Fission-fungi, form a group of extremely 
minute organisms, destitute of chlorophyll, which play a 
part in organic nature altogether out of proportion to their 
size. By some they are placed among the Fungi ; others 
place them with the Cyanophyceea (see p. 462) in a special 
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division called the Schizophyta, Probably they are best 
regarded as a distinct group of Thallophyta. The or- 
ganisms may be unicellular or multicellular. The multi- 
cellular forms may be filamentous, or form cell-plates or 
cell-masses ; they are to be regarded, however, as essentially 
aggregations of unicellular forms. Bacteria are ubiqui- 
tous organisms, being found in the most unexpected media 
— river water, sulphur springs, etc. 

The mode of life is parasitic or saprophytic. Many 
forms parasitic on animals are harmless, sometimes even 
beneficial; others (pathogenic forms) prejudicially affect 
the normal physiological processes and produce pathological 
or diseased conditions. Most of our infectious diseases 
have been shown to be due to the ravages of bacteria, which 
are popularly called ** germs" or microbes" They are 
present in the air or in various media, and in favourable 
circumstances reproduce themselves with great rapidity. 
A single germ may give rise to millions in the course of a 
day or two. This explains why many of these diseases are 
infectious and become epidemic. 

The saprophytic forms thrive in various organic media 
and produce characteristic fermentative changes. Well- 
known examples are the souring of milk and the conversion 
of alcohol into acetic acid in the formation of vinegar. 
Bacteria, however, never induce alcoholic fermentation. 
The disastrous effects of infectious diseases are also in many 
cases due to the formation of poisonous waste products 
(toxins) which accumulate in the blood. 

In all these processes bacteria seems to act as organised 
ferments. From some bacteria, however, unorganised fer- 
ments have beenyfextracted, which are capable by themselves 
{i,e, apart from the living cells) of producing the charac- 
teristic fermentation (see p. 510). Most bacteria can live 
only in the presence of oxygen, and are said to be aerobiCv 
but many cannot live in the presence of oxygen, and are 
called anaerobic. Others again can live both in the 
presence and in the absence of oxygen. The significance 
of this capacity for doing without oxygen, and its relation 
to the process of fermentation, have been sufficiently dealt 
with in connection with the yeast-plant. 
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Putrefaction is a process of fermentation set up by 
certain species of bacteria in proteid substances, and is 
usually accompanied by the evolution of offensive gases. 
In this way these complex nitrogenous substances are 
gradually decomposed into ammonia and other compounds. 
In the soil, by the action of bacteria, the ammonia is acted 
on, and first nitrous and then nitric acid produced. This 
is the process of nitrification (p. 164). In this way dead 
organic substance is first decomposed, and then brought 
back into forms available for absorption by green plants. 
These are essentially processes of oxidation. The bacteria 
act as carriers of oxygen in virtue, apparently, of the 
production of ferments, known as oxidases, which act 
by oxidising, not by hydrating as in the case of most 
ferments. 

It is interesting to notice that a few Bacteria, includ- 
ing the nitrifying organisms, by a process of fermentation 
obtain a supply of energy which enables them to build up 
organic materials from carbon dioxide and water in the 
absence of chlorophyll and without the aid of light. We 
have also indicated (p. 164) that there are Bacteria in the 
soil which can bring free nitrogen into combined form. 
It is probable that the “ bacteroids ’’ pi’esent in the root- 
tubercles of leguminous plants are bacteria of this kind ; 
they have been called Bacillus radicicola, 

§ 39. The Bacterium-cell. — The cells are extremely 
microscopic, a diameter of less than 
being quite common. They can be examined only under 
very high powers of the microscope, and even then the 
structural details cannot be made out with certainty. 

Each cell has a distinct cell-wall. In many cases this 
apparently does not consist of cellulose, but of a proteid 
substance. The cells contain granular protoplasm in which 
vacuoles may occur. Nuclear substance in the foi-m of 
chromatin granules occurs in many ; but the presence of 
a definite organised nucleus has not been demonstrated. 
There are no plastids ; but in one or two chlorophyll is 
found, and in others various pigments occur. In a few 
forms a gmnular substance has been observed, giving a 
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blue or purple reaction with iodine, being probably there- 
fore some kind of starch. 

There are ^any different forms of cells (Fig. 300). 
Very minute spherical forms are called cocci, or micro- 
cocci; elongated rod-like forms, bacilli; 
spirally coiled forms, spirilla ; comma- 
like forms, commas. These arc the com- 
monest. Sometimes filaments of bacteria 
are aggregated in enormous numbers and 
held together by mucilage, forming a sort 
of scum on decomposing liquids. This is 
known as the zoogloea condition (Fig. 
301, a). Sometimes the cells form cell- 
masses. 

These different forms are not necessarily 
to be considered as characteristic of differ- 
ent species. The same species may pass 
through a numl)er of forms at different stages. They arc 
to be regarded ratlier as “growth forms,” i.e. forms 
assumed at different periods of growth. In other words, 
the bacteria are polymorphic^ although probably not to the 
extent hitherto believed. 

Many bacteria have the power of independent move- 
ment. This is in many cases effected by means of very 
slender cilia or flagella, which are apparently outgrowths, 
not of the protoplasm, but of the cell- wall. A cell may 
have one, two, or a number of these. 

§ 40. Reproduction. — There are two methods of repro- 
duction. Both ^re asexual. In the process known as 
“flssion,” the -parent- cell undergoes division into two 
daughter-cells. It is simply a process of cell-division in a 
unicellular organism. A micrococcus cell simply becomes 
constricted and divides into two ; a bacillus divides trans- 
versely. 

The other method of reproduction is that of “ spore 
formation (Fig. 301, a). It is commonly seen in bacilli, 
and as a rule it takes place in the zoogloea stage. The 
protoplasmic contents of the cells, starting from a small 
centre, gradually round themselves off, and aggregate in 



Fig. 300.— Forms OF 
BACTERIUM-CKI.I.S. 
a, Micrococci ; B, 
Bacilli ; C, Coni- 
niaa ; D, SiHiilluin 
with flagella. 
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the middle of the cells. A new cell-wall is then formed 
I’ound the protoplasmic mass. When fully formed, this 
cell- wall is extremely firm and resistant. 

Thus the “spores” are produced inside 
the cells, usually one in each cell, but 
sometimes more than one (endosporous 
formation). The spores can withstand 
great extremes of heat and cold without 
injury. They may remain quiescent for 
a considerable time if the conditions are 
unfavourable, but are eventually set free 
by the decay of the walls of the parent 
cells. When a spore germinates, the 
outer membrane is ruptured, and the 
contents escape as an ordinary bacteri- 
um-cell. 

§ 41. Bacillus subtilis will serve as an example. It is 
the hay -bacillus. If hay be chopped up and either soaked 
or boiled in water and kept for some little time, numerous 
bacillus cells can bo recognised if the fluid be examined 
under a high power. Each cell is a tiny rod-shaped body 
having the structure above described. It bears a number 
of flagella. In this stage the cells multiply by fission, but 
after a time they pass to the surface and form a scum 
(zoogloea stage). If this be examined the cells will be 
found aggregated into long filaments embedded in a muci- 
laginous substance, formed by the disorganisation of the 
outer layers of the cell- walls. It is in this stage that the 
spores are developed. They are extremely resistant, and 
can withstand boiling for a considerable time. They 
germinate in the usual way in a suitable medium. 



Fig. 301.— Sf'ECiKS OF 
JiacUhis. 

A, ZnogJma sLage with 
HpoiB-funiiution ; B, 
Motile atsige. 
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CHAPTER XXIL 

§ 1. The following orders are described here : — 

A. DICOTYLEDONS, 

Archichlamydese : — Betulacese and Fagacete forming 
cohort Fagales (Cupuliferm) ; Urticacese ; Poly- 
gonacese ; Chenopodiacese ; Saxifragaceae ; G-era- 
niaccae ; Euphorbiaceae ; Malvaceae ; Violaceae ; 
Onagraceae. 

Sympetalm : — Ericaceae ; Primulaceae ; Oleaceae ; 
Boraginaceae ; Solanaceae ; Plantaginaceae ; Capri- 
foliaceae. 

B, MONOCOTYLEDONS, 

Iridaceae, 

§ 2. Cohort Fagales (Cupnliferae). 

Distinguishing characters : Flowers mono- or a-chlamy- 
deous, unisexual, monoecious, home in catkins. Pistil hi- or 
tri-carpellary, Fftuit dry, indehiscent and one-seeded, a nut 
or nutlet, frequently invested hy a cupule formed hy enlarged 
persistent hracteoles ; seed exalbuminous. 

This is a group of great interest widely distributed in 
temperate regions. It consists of trees and shrubs with 
simple, alternate, stipulate leaves. Two orders are now 
generally recognised under the cohort — ^the Betulaceae and 
the Fagaceae. The British trees belonging to the Betulaceas 
are the Birch {Betula), the Alder (Alnus), the Hazel 
(Corylvs), and the Hornbeam {Carpinus), The Fagaceae 
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are represented in Britain by the Oak {Quercus), tbe 
Beech (Fagus), and the Sweet Chestnut (Gastanea ) ; the 
last, however, is not native. 

The inflorescences are called catkins Ip. 249). The 
female catkins are not pendulous. The typical catkin 
consists of an elongated pendulous axis bearing numerous 
spirally arranged scales 
(bracts) in the axil of 
each of which are three 
flowers representing a 
sessile or reduced dicha- 
sium. The terminal 
(middle) flower has two 
lateral bracteoles, and in 
the axils of these ( as 
bracts ) arise the two 
lateral flowers, which also 
may have bracteoles. 

Thus there are typically 
three flowers and six 
bracteoles in the axil of 
each bract (Fig. »S02). From this it is at once evident 
that the catkins characteristic of the order are not really 
simple pendulous spikes (see p. 249). 

The typical form, however, is departed from, more or 
less, in the various genera. There may be more than three 
flowers. Sometimes only the middle flower or only the 
two lateral flowers are present, and some or even all of the 
bracteoles may be absent. The whole inflorescence is, in 
some cases, reduced to a cluster of flowers. The various 
modifications described below should be carefully studied. 
The female catkins persist till the fruits are ripe, or even 
longer as in the Alder. 

The flowers are unisexual, monoecious, and borne (with 
rare exceptions — e.g, sometimes in Chestnut) in different 
catkins. They are anemophilous and, in correlation with 
this, th^y frequently come out before the leaves (Hazel and 
Alder), or just when the leaves are unfolding (Birch and 
Oak). A perianth is sometimes present, and occasionally 
well developed ; when present it is epigynous. 


INNER BRACTEOLES 



LATERAL BRACTEOLES 

Fi 302.— TypinAL Floral Diagram of 

CUPULIFERiE. 

Showing arrangement of bi’acteoles and 
floweiM : 1 rr. middle flinvei’ ; 2, 2 - ■ lateral 
floweie. 
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The stamens are two, four, or more; sometimes they 
are split or forked (Figs. 305 c, 307). The gynsecenm 
is bicarpellary (Betulaceas), or tricarpellary (Fagacese), 
syncarpous ; tlie ovary, at the time of fertilisation, bi- or 
tri-locular, inferior ; ovules, one (Betulacese) or two 
(Fagaceffi) in each loculus, anatropous and usually pen- 
dulous. 

The fruit is dry, indehiscent, one-seeded — a nut or 
nutlet. In the Birch it has a membranous wing and is a 
samara (Fig. 305, b). The fruits may be liberated from 

the coherent bract and 
bracteoles ( Alder and 
Birch), or these may en- 
close one or more fruits 
as a ciipule (membran- 
ous in Hazel and Horn- 
beam, woody in Oak and 
Beech). The seed is ex- 
albuminous (Fig. 310), 
The following notes 
indicate the special char- 
acters of the various 
genera ; — 

Birch (Figs. 303-305).— 
The male catkins appear in 
autumn at the ends of the 
shoots and are pendulous ; 
the female catkins are borne 
on short lateral branches 
which are developed in 
spring and are erect. Flow- 
ering ttikes place in April or 
May. In both catkins each 
bract has three flowers. Only 
the two lateral bracteoles are present. Each male flower has a 
small perianth usually two-lobed, and two stamens the filaments 
of which are so deeply split that there appear to be four stamens. 
The female flower has no perianth. The pistil is bicarpellary and 
has two styles. The fruits are sahiaras. Bract and bracteoles be- 
come fused owing to continued basal growth. The three-lobed scale 
which they form falls off at fruiting, but does not invest the fruits. 

Alder. — The male catkins are elongated ; the female small and 
somewhat ovoid. Both appear in autumn, and are more or less 
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erect. Flowering takes place in March or April. Each bract of 
the . male catkin has three flowers, but in the female only the lateral 
flowers are developed. There are four bracteoles — the two lateral 



Fig. 304.— Birch. 

Dingmiiis sliowing arrangement of bnmteulcH ami flow cm in male and female 
ciitkiriH. 


bracteoles and one to each lateral flower on the side next the bract. 
The flower has a four-lolied perianth and four stamens opposite 
the lobes. Th6 ? flower resembles that of the Birch. The female 
catkins including the hard five-lobed scales formed from the bracts, 
and bracteoles remain on the tree 
after the fruits are set free. The 
fruits arc not winged (nutlets). 

Hazel (Figs. ,306-310). — The cat- 
kins appear in autumn. The pen- 
dulous male catkins are borne 1-3 
together on a short axillary shoot. 

The female arc solitary, axillary, 
and are not distinguishable from 
foliage buds till February or March 
when flowering takes place and the 
crimson styles protrude at the top. 

In the male only the median flower 
and. the lateral bracteoles are deve- 
loped in each scale. The flower has 
four deeply split stamens and there 
is no perianth. In the female catkin the lower scales are sterile ; 
in the upper fertile scales aJl the br&cteoles, but only the lateral 
flowers, are present. Each female flower has a minute, toothed, 

f reenish perianth on the top of the ovary ; there are two styles. 

'he two bracteoles of each flower with one of the lateral bract- 
eoles fuse, owing to continued basal growth, to form an involucre 
which develops into the membranous cupule (husk — Fig. 309). 

Hornbeam. — The flowers are similar to those of the Hazel, but 
in the male catkins there are no bracteoles and the male flower has 
4-10 split §tamens. The oupule is large and trilobed (Fig. 311). 



BRACTEOLE A 


Fig. 305.— Birch. 

A, Female flowci'S in axil of bract; 
B, Fruiting scale, with three 
samaras; C, Stamen frani male 
flower. 
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Oak (Fig. 312).— The catkins appear in the spring, the male in 
the axils of bud scales, the female in the axils of foliage leaves. 

Flowering occurs in April 
or May. The male catkin 
here is simply a long slen- 
der and pendulous spike, 
the flowers being borne 
singly in the axils of the 
bracts. They represent 
the median flowers and 
there are no bracteoles. 
Each (Fig. 312, c) consists 
of a perianth of a varying 
number of bract-like seg- 
ments (4-7) and as many 
or more stamens (frequent- 
ly 10). A rudimentary 
ovary may be present. 

The female catkin con- 
tains only 2 or 3 flowers 
which may be in a cluster 
(Quercua Rolmr, var, sessili- 
flora) or may be separated 
by the elongation of the 
Fig. 30f>.— M ale and Female Inflorksi^ences peduncle (Q. HobuTt var, 
OF THE Hazel. mdumvlata). They are 

borne in the axils of bracts 
and represent the median flowers (in some allied species all three 
flowers are present). Each has an cpigynous 3-8 toothed perianth 
and is surrounded by a number of imbricate scales forming an in- 
volucre which after- 



wards develops into the 
acorn cup (cupule). The 
involucre is regarded as 
representing the four 
bracteoles of the lateral 
flo\ifers. The ovary Js 
trilocular, and each, lo- 
culus has two pendu- 
lous anatropous ovules, 
but only one loculus 
and one ovule develop. 
The fruit (acorn) is a 
nut seated in a cup- 
shaped cupule. Quercua 
Ilex is the Holly Oak ; 
Q, Suber, the .Cork Oak. 



Pig. 307.— Hazel. 

A, Male Flower; B, Diagram of same. 
« (Prophylls = bracteoles.) 


Beeck,(Fig. 313). — ^Tbe catkins are developed in spfing in the 
vaxils of ibliage leaves. The male is really a clustered diohasial 
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cyme of about twelve flowers borne on an elongated pendulous 
peduncle. The flowers are shortly stalked and have a 4-7 lobed 



Fig. 308 .--Fj<:male Flowers of Hazel. 

A, Diagram showing bract, bracteoles (involucre) and flowera ; B, Bract and 

flowers. 



Nut. Fig. SH.—Fbuit of Hobmbsam. 

perianth, and from 8 to 12 9 tamens. There are no bracts. The 
female catkin is stalked, erect, and consists of onlv two flowers 
(dichasial cluster) enclosed in a fleshy, fonr-lobed involipre^oupule). 
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and a number of small outer scales. The homologies of these parts 
have not been clearly made out. The flowers themselves resemble 
those of the oak. The cupule is spiny and resembles a capsule. It 
contains two triangular nuts (** beech mast”) and separates into 
four valves. * 



Fig. ^2.^Q,uercu8 lioburf var. pedunculata. 

A, Male ; 13, 'Female inflorescences ; O, Male flower ; D, Female 
flower in section. 

Chestnut. — The catkins are axillary, and bract and braoteoles 
are all present. There are usually seven male flowers in the axil of 
the bract owing to the bracteoles of the lateral flowers also having 
flowers. The female bracts bear three flowers and the cupule is 
formed by the four bracteoles of the lateral flowers. The mature 
cupule is spiny. It contains three nuts and separates into four 
valves. Frequently catkins are found bearing staminate flowers 
above and pistillate flowers below. 
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The CupulifersB, Salicacese (p. 292), and other orders 
{e.g, Juglandacese, the Walnut order) are sometimes com- 
bined under the cohort Ament ales (= Amentacese or 
Amentiferje), the group of 
catkin-bearing plants. 

The early appearance of 
thb Cupuliferse in time, as 
shown by fossils, indicates 
that they are an archaic 
group of plants. They 
diverged from the main 
Angiosperm stem at jin 
early period, and our mod- 
ern types have survived 
because, having the habit 
of trees, they to a large 
extent escaped competi- 
tion with more progressive 
types.* 

Some believe that the 
floral characters — ^the uni- 
sexual flowers, the absence 
or rudimentary character of the perianth, etc. — are primi- 
tive, and consider that the chalazogamic fertilisation, 
which is characteristic of the Betulacese, gives further 
evidence of this. We have seen, however, that there is 
reason to believe that the early Angiospermous flowers 
were hermaphrodite (p. 409). Hence it is probable that 
the simple floral characters of the Cupuliferae are not 
primitive, but due to reduction. In this connection the 
occurrence of rudimentary pistils in the male flowers of 
the Fagaceae is interesting. 

Most, if not all of the Cupuliferae, have mycorhizae, 
which are ectotrophic (ectophytic), t.e. the mycelial threads 
do not penetrate the cells of the root. 

Note ; — The name Cupuliferae is now often restricted to 
the Fagaceae (t.e. Cupuliferae = Fagaceae.) 

* ProOTessive and up-to-date orders, e.flr.. Composite, are largely 
or entirSy represented by herbaceous forms. 



Fig. 313. - Dkkcii. 

A, Malo intloL’OBcenco ; B, Male fluwer; C, 
Female inlloruecence ; D, Cupule with uute. 
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STIGMA 



314.— Male and Female Flowers of 
Nettle. 


§ 3. UrticacesB. 

Distinguishing characters : — Flowers regular t usually uni- 
sexual ; perianth of four or five segments ; stamens fowr or 
five, opposite the perianth leaves; pistil monocarpellary, with 
one basal orthotropous ovule ; fruit an]achene. 

This order consists chiefly of herbs, and is well repre- 
sented in tropical and 
RUD: OVARY warm temperate cli- 

mates. The only 
plants found wild in 
Britain are Parietaria 
officinalis, the Wall 
Pellitory, a perennial 
herb, common on walls 
and waste ground, and 
three species of JJrtica, 
the Nettle. U. urens, 
the small Nettle, and 
U. pilulifera, the Roman Nettle, are annuals ; U. dioica is 
a perennial. These, however, illustrate very well the 
characters of the order. 

The plants are mostly herbs with opposite ( TJrtica) or 
alternate {Parietaria), stipulate leaves. Cystoliths are 
found in most of them, 
including Parietaria and 
species of TJrtica. The 
order may be divided 
into two groups accord- 
ing as stinging hairs are 
present {Uftica)90Y ab- 
sent {Parietaria), 

The inflorescences 
are usually axillary 
cymes which may be 
panicled in appearance 
or more or less clustered (glomerules). The flowers 
(Pigs. 314, 316) are regular, monochlamydeous, unisexual 
or, o^asionally, hermaphrodite. U, wrens and XJ, piluUfera 
are monoecious, the m^e and female flowers in the latter 




Pig. 316.— Floral Diagram op NETTLjr. 
A, Male ; B, Female flowers. 
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being borne in different panicles ; U. dioica is dioecious ; 
Parietaria is polygamous. 

Perianth of four or five leaves, poly- or gamo-pliyllous 
(four and gamopliyllous in British species), green, inferior, 
persistent. Stamens equal to the perianth segments and 
opposite to them. The stamens are at first folded inwards 
and downwards in the flower, but when ripe, or when 
moved, they spring up violently and give out a little cloud 
of pollen (an adaptation for pollen protection and wind 
polhnation). Pistil monocarpellary ; ovary superior, uni- 
locular, with one basal, orthotropous ovule. Stigmas tufted 
and often sessile. The male flowers have a rudimentary 
pistil. The fruit is an achene enclosed in the persistent 
perianth. Seed albuminous. The flowers are anemo- 
philous. 

The various kinds of “ Artillery Plant ” grown in our 
hot-houses are species of Pilea and are so called because of 
their explosive stamens. 


PERIANTH 


The orders Ulmacesa (e,g. Elm) and Moracese (e.g. Moms, the 
Mulberry, Ficus Carica, the Fig-Tree, Ficus elastica, the India-rubber 
Tree, Fictis henghalemis, the Banyan, Artocarpus incisa, the Bread- 
fruit Tree, Cannabis saliva, the llemp, and Humulus Lupulus, the 
Hop) are closely allied to the Urticaceas. The following notes on 
some of the types mentioned may be of interest : — 

Elm (Fig. 316). — Ulmus campestris is the Common Elm ; U».mon- 
tana is the Scotch, Wych, or Mountain 
Elm. The clustered dichasial cymes (glo- 
merules) are produced in the axils of the 
leaves of the previous year. They have a 
few scale-leaves at the base and come out 
before the leaves. The flowers are herma- 
phrodijjj^, P(4-6) A4-6 G^). Only one 
loculus and one ovule develop. Fruit a 
samara (Fig. 162, b). Seed exalbuminous. 

IKoracesB. — Trees and shrubs with latex. 

Perianth segments usually four ; stamens as 
many and opposite them ; pistil of two 
carpels, syncarpous. As a rule only one 
loculus and one ovule develop and form an 
aohene or nutlet, but usually a synoarp is formed. The Mulberry 
is monoecious and the flowers are m spikes. For fruits of Mulberry 
and Fig see p. 283. In Artocarpus the inflorescence becomes fleshy 
and hM a texture resembling that of bread. 

BOX. 



Fig. SIC.— Elm. 

A, Flower ; B, Gynaa- 
ceum of flower. 
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Hop. — The Hop 
produced on axill 


is dioecious. The male flowers are small and 
panicled cymes. Each has a five-partite 
perianth and five stamens. The female 
inflorescence somewhat resembles a 
cone (Fig. 317). It consists of a series 
of membranous bracts with two female 
flowers on the upper surface of each. 
Each flower has a tubular perianth and 
is invested by a scale (bracteole). The 
pistil is bicarpellary. The true fruits 
are achenes, but the whole inflorescence 
is regarded as a syncarp (p. 284). The 
flowers are anemophilous. The bracts, 
which are covered with glands serving 
to keep off insects and other intruders, 
finally separate and help to disperse 
the fruits. 

Oystoliths are found in various species of Ficus (p. 31), Morus, 
Cannabis, and Humvlus. 



Pig. 317.— Hop. 

A, Female inflorescence ; B, Pis- 
til of female flower. 


§ 4. Folygouaceae. 

Distinguishing characters: — Flowers polypetalous, hypo^ 
gynous, usually hermaphrodite; trimerous or sometimes 
dimerous, hut the number of parts often increased by dupli- 
cation or diminished by suppression. Characters of ovary, 
ovule and fruit. The presence of an ochrea is characteristic 
of the order. 

This order is represented in the British Flora by the 
three genera Bumex (Docks and Sorrels), Polygonum (e.g. 
P. aviculare, the Knotgrass) and Oxyria (the Mountain 
Sorrel). Other genera are Bheum (e.g. B, rhaponticum, 
the Bhubarb, officinale, the medicinal Bhubarb) and 
Fagopyrvm, the Buckwheat. They are mostly herb^. The 
leaves are simple and alternate, with ochreate stipules, and 
the stems are swollen at the nodes. The acid properties 
found . in most of the plants are due to the presence of 
various oxalates (p. 41). 

The inflorescence in most cases is mixed, commonly a 
raceme or panicle of cymes. The flowers are hypogynous 
and usually hermaphrodite. They are typically trimerous^ 
sometimes dimerous, but the number of parts is often 
increased by duplication or diminished by suppression. 
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Unisexual flowers occur in the Sorrels ; Bumex acetosa, the 
Sorrel, is monoecious • B, acetosella, the Sheep’s Sorrel, is 
dioecious. • 

The perianth typically consists of three sepals and 
three petals resembling each other, and either sepaloid or 



Fig. 318.— POLYaONACK^. 

A, Flower and pistil of Polygonum Ptrsicaria (2 styles) ; B, Flower of Oxyria ; 
C, Flower of a species of liumex ; D, E, Fruits of species of Rmmx showing 
persistent perianth (a == swollen midrib of petal). 


petaloid (Figs. 318 c, 319 a). It is polyphyllous, imbri- 
cate in aestivation, inferior and persistent. This typical 
condition is found in Bvmex and Bheum^ and in these 
genera the inner segments (petals) enlarge during the 
development of the fruit and invest it (Fig. 318, d, e). In 
Polygonvm (Figs. 318 a, 319 b) the anterior segment of 
the inner series (petal) is suppressed so that the perianth 
consists of five leaves (P3 2 or K3 C2) ; here the three 

outer segments become enlarged and invest the fruit. In 
Oxyria (Fig. 318, b) there are two sepals and two petals 
(P2 -I- 2 or K2 C2). 

The AndiKBcinm consists typically of six stamens 
(AS-f S), but this typical condition is seldom found. 
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Usually there is cliorisis (= duplication or dedouble- 
meut) of one or more of the stamens of the outer series, 
and this may' be accompanied by suppression of one or 
more members of the inner series (see Fig. 319). In 
Rheum there are nine stamens, all the outer stamens being 
duplicated (A3 X 2 + 3). In Rumex the outer are all 



Fig. 319.— Fix>ral Diagrams. 

A, Jiurtiex ; B, Species of PdyyonMm 


duplicated, but the inner suppressed (A3 x 2 + 0). In 
Polygonum there are five to eight stamens; usually two 
outer stamens are duplicated, and one or more of the inner 
ones suppressed. In Oxyria, where the arrangement is 
dimerous, there are six stamens, the two outer ones being 
duplicated (A2 x 2 4- 2). 

The GynaBcenm is usually tri-carpellary and syncarpous ; 
in Oxyria and some species of Polygonnim (e.g. P. amphi- 
hium) it is Bicarpellary (Fig. 318, a). The ovary is 
unilocular, superior, with one basal orthotropous ovule 
(Fig. 137, p. 242) ; stigmas two or three. The fruit 
(Fig. 318, D, b) is ovoid when there are two caipels, 
triangular when there are three. The persistent mem- 
branous perianth provides for wind dispersal. The seed 
is albuminous. 

An annular honey disc is present in Polygomim at the base of the 
stamens, and the flowers are entomophilous. Some species are 
.marsh or water plants, e.g. P, amphihium, P, Rydropiper (Water- 
Pepper). P. amphthium also grows on dry ground where the 



ADDITIONAL NATURAL ORDERS. 


633 


long petioles of the aquatic form are lost. P, Peraicaria (Persi- 
caida) is found in more or less moist, waste places ; P. Bktorta 
(Snakeweed), in wet meadows. P. viviparmn is an alpine form ; 
it has small flowers, which rarely form fruit, and s*)me of the lower 
ones arc frequently replaced by little red bulbils. In P, Gonmlmltia, 
the Black Bindweed, the stem is twining. P, avimilare, tlio 
Knotgrass, has cleistogamous flowers. 

In liiimex there is no honey disc. The stigmas are long and 
feathery, and the flowers are wind-pollinated, liumex crispm is the 
Curled Dock; /f. ohimifoliun, the Broad Dock; P. Hydrolapa- 
thujn, the Water Dock. Jihtum is entomophilous. Fagopyrnm 
resembles Polygonum, and is sometimes placed in that genus 
( Polygonum Fagopyrum ) . 


§ 5. ClienopodiaceaB. 

Distinguishing characters : — Flowers monochlamydeous, 
regula^r, hermaphrodite or unisexual, hypogynotis, typically 
pentamerous. Characters of ovary and seed. An order of 
halophytes. 

The plants belonging to this order are widely distributed 
in maritime regions, many of them (halophytes) growing 
in salt marshes or on muddy foreshores, and showing 
marked xerophytic characters (see p. 217). It is well 
represented in Britain by the Wild or Sea Beet {Beta 
maritima or vulgaris), the Glasswort or Marsh Samphire 
{Salicornia herhacea), the Saltwort {Salsola Kali), the Sea- 
blite {8umda maritima), and various species of Goosefoot 
{Ghenopodium) and Orache {Atriplex). Chenopodium is not 
so markedly halophytic as the other genera, various species 
(e.g. G. album) being commonly met with on waste or 
cultivated ground and presenting the ordinary herbaceous 
characters. 

The plants are mostly herbs, in which the stem and 
leaves are often succulent and fleshy and serve for the 
storage of water. The leaves are occasionally absent (e.g. 
Salicornia) ; when present they are exstipulate and alter- 
nate, or occasionally opposite (sp. of Atriplex). They 
often feel granular or mealy to the touch owing to the 
presence of small hairs ; this is very noticeable in species 
of Chenopodium and Atriplex. 

The inflorescence is frequently mixed; racemes, panicles, 
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and spikes of small cymes are common. The flowers (Fig. 
320) are small and inconspicuous, regular, monochlamy- 
deous, hypogyr.ous, hermaphrodite, or occasionally (^Atri- 
plex) unisexual and either moncecious or dioecious. They 
are honeyless, and either anemophilous or self -pollinated. 

Perianth poly- or gamo-phyllous, small, sepaloid, and 
persistent. It usually consists of five leaves (the rule in 
Vhenopodiuniy Beta, Salsola, and Buaeda), sometimes of 



Fig. 320. 

A, Flower of Hpecien of Chenopodivm ; B, Flowei' of Beet in section. 


three or four (Salicornia) ; in the female flowers of Atri- 
plex there are only two. Stamens usually as many as the 
leaves of the perianth and opposite them, hypogynous, 
sometimes perigynous (Beta) ; Salicornia has either one or 
two. GynsBcenm of two, sometimes three, carpels, syn- 
carpous ; ovary unilocular, superior (half inferior in Beta) 
with one basal campylotropous ovule. Fruit a small nut 
enclosed in the persistent perianth. Seed albuminous or 
occasionally exalbuminous ; the embryo is curved or spirally 
twisted round the endosperm. 

Scdicomia herl^ea, the Marsh Samphire, is a small leafless 
plant which is widely distributed in Britain and grows on muddy 
shores. It has succulent jointed stems. The flowers are placed 
two or three together in little cavities, two of which are found 
opposite to each other at each node. The flower has a fleshy 
perianth with three or four teeth, one or two stamens, and a pistil 
of two carpels. 

There are some familiar cultivated forms. The Garden Beet, the 
Sugar Beet, and the Mangold Wurzel are cultivated varieties of the 
Wild Beet. They are biennials and sugar is stored up in their 
roots. Cheiwpodium Bomis-Henricua (All-good or Good King Henry) 
is cultivated under the name of “ Mercury.” JSpinada oleracea is 
the Spinach ; the flowers are in dichasia and are dioecious. 
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§ 6. SazifiragacesB. 


Distinguishing characters: — Flowers polypetcdous ; sub- 
hypogynous, perigynous, or epigynous ; pbntamerous (or 
tetramerous). Stamens 10 (or 8). Carpels 2-5, frequently 
2, connate, hut often more or less free above; ovary uni- 
locular or multilocular, superior, or more or less distinctly 
inferior, Placentation axile or parietal. Fruit a capsule 
or berry. 

This order, which is closely allied to Eosaceso and Crassu- 
lacese, has representatives in nearly all parts of the globe, 
and includes plants of very diverse habit and appearance. 
They are chiefly herbs or shrubs with radical or alternate, 
occasionally opposite, exstipulate leaves. In a few exotic 
genera trees are found, and some of them have stipulate 
leaves. The order has been subdivided into a number of 


tribes or sub-orders, which some botanists, however, regard 
as distinct orders. Of these the most interesting is that of 
the SaxifragesB, which consists largely of plants growing 
on rocks and mountains, often at high altitudes. 

There are only four British genera — Saxifraga and Chry~ 
sosplenium (sub-order Saxifrageee), Parnassia (sub-order 
Parnassiess), and Bihes (sub-order Eibesiese). Amongst 
exotic genera the bet- 
ter known are Hy- 
drangea, Deutzia, 

Escallonia, and Phila- 
delphus] the last 
named is commonly 
cultivated in shrub- 
beries under the name 
of Syringa or Mock 
Orange. 

The inflorescence 



may be racemose or 
cymose ; sometimes 
the flowers are soli- 


Pig. 821. 

A, Flower of a Saxifrage. B, Flower ; C, Ovary 
of Chrynosplmium. 


tary. The flowers (Fig. 321) are hermaphrodite, and are 
interesting as showing various stages in the transition 
from hypogyny to perigyny and epigyny. 
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The calyx consists of 5 (or 4) sepals and may be poly- 
sepalous or gainosepalous, superior or inferior. Corolla 
regular, polyp^talous, usually of 5 (or 4) petals ; aestiva- 
tion imbricate. Occasionally the corolla is wanting ( Chryso- 
splenium, Fig, 321, b). 

Androacinm usually of 10 (or 8) free stamens, obdi- 
plostemonous ; subhypogynous, perigynous or epigynous. 
Gyniecenm of 2-5 carpels, frequently 2, connate, but 
usually more or less free above ; ovary unilocular or multi- 
locular, superior, or more or less distinctly inferior ; ovules 
a , anatropous ; placentation parietal or axile ; styles free. 
Fruit a capsule or berry. Seeds albuminous. 

Saodfraga (Saxifrage). — Most species of Saxifrage are alpine 
plants and show xerophytic adaptations. In some there are chalk 
glands (p. 61) on the leaves, leaving in dry conditions a deposit of 
carbonate of lime which closes the pores. The flowers (Fig. 321, a) 



Fig. 822.— Floral Diagram Pig. 323.— Pistils of species ok Saxifrage 
OF Saxifraga^ (in section). 

A, S, granulata, with superior ovary ; B, S. <ri« 
dactylites^ >vith inferior ovaiy. 


are usually in cymes, sometimes racemose or panicled. The pistil is 
bicarpellary, the two carpels usually diverging from each other 
above, and either free from the thalamus or more or less sunk in it 
(Fig. 323). The ovary is bilocular ; the placentation axile. Fruit 
a capsule more or less divided alxive. Honey is secreted round the 
ovary and is accessible to short-tongued insects of various kinds 
(flies, etc. ). The flowers are usually protandrous. Typical alpine 
species are S. oppositifolia and 8, atellaria, S, granvlaia (Meadow 
Saxifrage) and 8, tridactylUea are found in the low grounds. The 
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former produces little pink or brownish bulbils in the axils of the 
lowest leaves. The latter crows on walls. S. umhrom is London 
Pride. 

Chrysosplenium op~ 
poaitifolium is the 
Golden Sazifrag’e. 

It has small clustered 
cymes of totramerous, 
ape talons flowers 
(Fig. 321, B, c). The 
ovary is unilocular 
with two parietal pla- 
centas, and is deeply 
sunk in the thala- 
mus. It is slightly 
protogynous and is 
visited by small in- 
sects. (7. aJlemifo- 
lium is very similar, 
but has alternate, not opposite, leaves. Its flowers are homoga- 
mous. Both species grow in wet or marshy places, often together. 

Parnasaia paluatris, the Grass-of-Parnassns, grows in bogs. 
It has radical leaves and solitary flowers. The flowers (Fig. 3*24) 

arc pcntamerous, but the five 
stamens opposite the petals are 
transformed into branched stami- 
nodes, the branches ending in 
glistening knobs which often 
deceive flies. The honey is 
secreted on these staminodes at 
their bases. The flowers are 
markedly protandrous and the 
stamens dehisce in succession 
above the ovary. To obtain the 
honey insects must reach the 
middle of the flower, either from 
above or by making their way 
over the barricade of staminodes. 
The unilocular ovary is slightly 
sunk in the thalamus and has 
four parietal placentas. Fruit a 
loculicidal capsule. 

In Bibea (Fig. 325) the ovary 
is inferior and has two (occasion- 
ally three) parietal placentas. 
There are only five stamens. The fruit is a berry (see Gooseberry, 
p. 282). B. rvbrum is the Red Currant ; B. ntgrutn, the Black 
Currant. In both species the flowers, which are in racemes, 
are homogamous and often self-pollinated. B, Groasularia, the 



Fig. 82.5.— VrbtioaIi Section op 
F iiOWER OF Goohebehry. 

(In Ribcg nigi'um and ruhrum 
the oalyx-tiibe is not so deep.) 



Fig. 324. —Vertical Section of Flower of 
ParnaMia ixiluHriSt 



538 


ADDITIONAL NATURAL ORDERS. 


Gooseberry, has spines (p. 147). The flowers are borne 1 or 2 
together. They are protandroiis and, owing to the elongation of 
the thalamus above the ovary, are adapted for pollination Iby small 
bees. R. ctfpinwn is dicecious. R. mnguineum is the Flowering 
Currant of our shrubberies. 

In the cultivated Hydrangea the flowers are in massive umbellate 
cymes ; all the flowers are neuter and have large petaloid sepals. 
In Rhiladelphus {Syringa) the flowers have an inferior 41ocular 
ovary and numerous stamens. 

§ 7 . GeraniacesB. 

Distinguishing characters : — Flowers polypetalous^ hypo- 
gynous,pentamerous, usually regular ; stamens typically ten ; 
fruit schizocarpic. 

To this order, which is widely distributed, especially in 
temperate regions, belong the various species of Crane’s- 
bill {Geranium) and Stork’s-bill (Frodium). Geranium 
pratense is the Meadow Crane’s-bill ; G, sylvaticum, the 
Wood Geranium; 6r. llohertianum. Herb Robert. Pelar- 
gonium is a Cape genus to which our cultivated Geraniums 
belong. 



Pig. 326.— Vkrtical Srction of Flower of species of Geranium, 


They are annual or perennial herbs with swollen, usually 
jointed nodes, and often covered with glandular hairs. 
The leaves are opposite or, occasionally, alternate,, simple, 
palmately veined, deeply incised, and stipulate. 
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The flowers (Fig. 326) may be solitary, but are usually 
in cymes, few or many flowered (see p. 263). They are 
usually regular and actinomorphic, pentanierpus, and hypo- 
gynous. Calyx polysepalous, of five sepals, imbricate, 
inferior, persistent. Corolla of five regular, unguiculate 
petals, twisted in aestivation. 

Stamens typically ten, in two series, five long and oppo- 
site the sepals, five short and opposite the petals, obdiplo- 
stemonous, the bases of the filaments expanded and slightly 
connate. In Erodium there are only five, the five anti- 
petalous ones being represented by scaly staminodes. In 
a few species of Oeranium also (e.g. G. jpusillum) these 
stamens have no anthers. dynsBceum syncarpous, of five 
carpels fused round a prolongation of the axis (carpophore) ; 
ovary superior, with five loculi ; ovules one or two in each 
loculus, anatropous, pendulous; styles united to the car- 
pophore ; stigmas free. 

Fruit a schizocarp (see p. 279, Fig. 167, d). The five 
carpels with their long persistent styles {awns) separate 
from the carpophore. In most species of Oeranium the 
one-seeded portions (cocci) are dehiscent and roll up with 
some force so that the seeds are shot out (explosive fruit). 
In Erodium the parts are indehiscent ; the sharp-pointed 
awns are hygroscopic, curling up in a corkscrew fashion in 
dry weather, straightening out in damp weather. This 
tends to bury them in the soil. The seed has little or no 
endosperm. 

Typical formula K6 C6 A6 + 6 G(^. 

In Oeranium and Erodium five nectar glands represent- 
ing a disc are found as little cushions just outside the 
bases of the antisepalous stamens. The perennial species 
of Oeranium ((?. sanguineumt O. sylvaticum^ O. pratense, 
0, pyrenaicvm) are protandrous and entomophilous, but 
many of the annual species are only slightly protandrous 
{0. Molle, O, Bobertianvm) or protogynous (G. pusillum), 
and are frequently self -pollinated. 

In Pela/rgonium the flower is zygomorphic. There are 
no glands at the base of the stamens, but the pedicel con- 
tains a glandular cavity which represents an adherent spur 
of the posterior sepal. 
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The orders to which the Indian Cress or Garden ITasturtium 
(Tropmohim) and tlie Wood Sorrel (Oxalia axetosella) belong (Tro- 
pjeolaccje and Oxalidaceje) are sometimes regarded as sub-orders of 
Geraniaceie, but are best kept distinct. The following notes indi- 
cate the chief points of difference : — 

Tropivohim. — The leaves are exstipulate, 
# the laminae peltate, and the petioles in 

some species function as tendrils. The 
flower is zygomorphio. The posterior 
sepal has a spur at the bottom of wliich 
honey is secreted (cf. Pelargonium), The 
three petals on the anterior side arq un- 
guiculate and fringed with hair-like pro- 
cesses. There are only eight stamens, the 
median one of each whorl being suppressed 
(Fig. 327). The schizocarpic fruit (of three 
carpels) has no carpophore. There is no 
disc. 

Oxalh acetoeella has a monopodial rhi- 
Fig. 327. — Floral Dia- zome (see p. 86), and radical trifoliate 

ORAM OF Tropitoliim, leaves. The flowers are solitary and 
closely resemble those of Geranium, The 
chief difference is in the gynseceum and fruit. Tlie stylos are free 
and the fruit is a loculiciual capsule with two seeds in each loculus. 
The seed is albuminous, and has a fleshy aril, which by its sudden 
inversion shoots out the seed (see p. 287). Cleistogamous flowers, 
developed underground, also occur. The leaves of Oxalis show 
sleep-movements (p. 205) and some species (e.g. O, gi'acilis) exhibit 
trimorphic heterostyly. 

§ 8. Enphorbiacese. 

’Distinguishing characters: — Flowers^ hypogynous, uni- 
sexual^ usually much reduced, occasionally dichlamydeous, 
hut usually mono- or a-chlamydeous ; stamens 1 — x ; gynse* 
ceum usually o^ three (or two) carpels, syncarpous; fruit a 
schizocarp, often explosive. 

Nearly all the plants belonging to this large and inter- 
esting order have laticiferous “ cells ” or vessels. Most of 
them live in warm climates, including the Castor Oil plant 
(Bicinus communis) and many species of Euphorbia and 
Groton, Shrubs and trees are common amongst these 
exotic forms, and many of them (e,g, species of Euphorbia) 
show ver^ curious vegetative characters in adaptation to 
xorophytic conditions. In these xerophytic forms the 
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leaves are frequently absent or reduced to spines. In such 
a case the stems take on the functions of assimilation and 
may form phylloclades, or may become swollen and more 
or less cactus-like and thus serve for the storage of water. 

The only forms indigenous to 
Britain are a few small herbaceous 
species of Euphorbia (Spurge) and 
Mercurialis. E, helioscopia, the 
Sun- Spurge, is common on waste 
ground ; M, perennis, the Dog’s 
Mercury, in woods. 

The inflorescences may be 
racemose or cymose and are often 
complex. The cyathinm is the 
characteristic inflorescence in Eu- „ 
phorhia (Figs. 156, 328). The thium of suphm'bia. 
flowers are unisexual, monoeci- 
ous, or dioecious, and often much reduced ; in Euphorbia, 
for example, the male flower consists of a single stamen. 

Occasionally cbIjx and corolla are both present and 
are hypogynous (e.g. species of Croton), but frequently the 
corolla is wanting (Fig. 329) and sometimes also the calyx. 
Stamens few or many, sometimes one {Euphorbia), The 
gynaecenm is the part which shows the most constant 
characters. It is usually tricarpellary (or biearpellary) and 
syncarpous; the ovary is trilocular (or bilocular) and 
superior; there are one or two pendulous, anatropous 
ovules in each loculus. The fruit is a schizocarp, break- 
ing, often with violence, into dehiscent portions (cocci). 
The seed is albuminous, and frequently has an aril deve- 
loped from the micropyle {e,g. Castor Oil seed. Fig. 38). 
The characters of the fruit indicate a relationship with 
G-eraniacese. 

The British species of Spurge (Euphorbia) are either annuals 
(E, helioaeopia, the Stin Spurge, and E. peplm, the Petty 
Spurge) or perennials with rhizomes (e.g. E, amygdaXoidea, the 
Wood Spurge). Some of them ^ow on sandy shores (e.g. 
E, Paraliaa, the Sea Spurge), and have rather thick coriaceous 
leaves. The cup-shaped or tubular involucre of the oyathium 
(Figs. 156, 328) consists of five bracts with four intervening glandular 
scales representing their fused stipules. Inside the involucre, the 
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stamens (male flowers) are arranged in five groups, each group repre- 
senting a scoipioid cyme, the oldest stamens towards the centre. 
Each stamen is articulated to a slender pedicel, at the base of which 
there is a scaly* bract. In the centre of the involucre there is a 
single female flower borne on a stalk, and hanging over the edge of 
the involucre at the point where the fifth glandular scale should 
have been. It consists of the typical tricarpellary gynseoeum with 
a single ovule in each loculus. The fruit is explosive. 

Mercurialia perennh^ Dog’0 Mercury, sends up numerous shoots 

with opposite leaves 
from a much branched 
rhizome. It is dioe- 
cious, the male plants 
being usually much 
more numerous than 
the female. The 
flowers (Fig. 329) are 
borne in small clusters 
on axillary spikes, the 
female flowers few in 
number. Each male 
flower consists of a 
calyx of three small green sepals and from ten to twelve stamens. 
There is no corolla. The female flower has a similar calyx, and a 
bicarpellary pistil with large curved stigmas, and one pendulous 
ovule in each loculus. A row fine hairs are present representing 
rudimentary stamens. The fruit is similar to that of the Spurge. 
The flowers are pollinated either by the wind or by small flies. 

Bicinua communia is monoecious. Its flowers have a calyx, but 
no corolla, and the stamens are numerous and much branched. 
Castoi: oil is obtained from the seeds. The seeds of Croton Tiglium 
yield croton oil, and from C, Caacanrilla cascarilla bark is obtained. 

§ 9. Ualvaceao. 

Distinguishing characters ; — Flowers polypetalovs, hypo- 
gynous, usually ^ pentamerous. Stamens x owing to branch- 
ing, monadelphous, heaHng half anthers. Fruit usually a 
schizocarp. 

Plants representing this order are widely distributed in 
the wanner regions of the globe. The Mallow {Malva 
sylvestris, M, rotundifolia),- the Marsh-Mallow {Althaea 
officinalis), and the Tree Mallow {Lavatera arbor ea) are 
British. Althaea rosea is the Hollyhock. Abutilon and 
Hibiscus are frequently cultiyated in hothouses. Oossy- 
pium is the Cotton plant. 



Fig. 320 .— Male and Female Fix)wekb of 
Mercuriaiia Perennis, 
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The plants are herbs or shrubs with alternate, stipulate, 
multicostate leaves. The flowers (P"ig. 330) may be soli- 
tary or in cymose inflorescences. They are regular, herma- 
phrodite, hypogynous, and usually protandrous. 

Calyx usually gamosepalous and five-fid ; valvate. An 
epicalyx is usually present, consisting of three or more 



Fig. 380 .— Vertical Section of Flowkr'of Species of Mallow. 


leaves representing bracteoles and their stipules (see p. 228) . 
Corolla regular, polypetalous, usually of five petals, which 
are adherent to the base of the staminal tube, twisted in 
aestivation. 

Stamens cc and monadelphous, bearing half-anthers. 
They are derived by the copious branching of five anti- 
petalous stamens ; five antisepalous stamens, which have 
been lost, are still sometimes represented by staminodes 
{Hihiacus). The anthers have transverse dehiscence. 
OynsBceum polycarpellaiy (5 — x ), syncarpous (occasion- 
ally almost apocarpous) ; ovary superior, multilocular ; 
plantation axile; ovules 1 — x in each loculus; styles 
united ; stigmas free. 
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Fruit (Fig. 331) usually a carcerulus (see p. 280), split- 
ting into as many mericarj)s as 
there are carpels, or a many- 
seeded capsule {Hibiscus^ Gos- 
sypium). Seed with scanty en- 
* dosperm, sometimes with hairs on 
the testa, e.g. in Gossypium, where 
the cotton consists of the hairs. 
Floral formula : — 

Fig. 331.— Carcbrulus OK n/ \ 

Mallow. 2.(5) C5 A X a(x ). 

In the different species of Mal- 
low the overlapping petals form a convenient landing stage 
for a variety of insects, chiefly 
bees. Honey is secreted by the 
receptacle in five little pits lying 
between the bases of the petals 
and protected by hairs. Some 
species, however, e.g. M. ro- 
tundifolia, which is nearly ho- 
mogamous, are often self-pol- 
linated by the curling over of u/ ,-^ 1 / 

the stigmas. MjK/ 


§ 10. The Lime. — a genua ^ 
placed, along with many tropical gen- ^ I 
era, in the order Tiliaceae, is closely f\M/ 

allied to the Malvacea;. Tilia Euro- - BRACT 

pcea, the Common Lime, is the only 
British species (but not native). 

The branchi];|g is sympodial (see 
p. 82). The loaves are asymmetrical 
(oblique), alternate, and stipulate. 

The inflorescence is a small dicha- 

sial cyme (Fig. 332). It arises in the I PETIOl 

axil of a foliage leaf, and its peduncle 
is adherent (adnate) to a large lanceo- 
late bract. This bract is developed STEM 

from one of the scales of the bud ' 

which produces the inflorescence ; in 

the axil of the opposite scale a rest- 332.— Inflorkscencb 

ing bud is present which will develop 
in the following spring. The bract 

protects the flowers and later serves for dispersal of the fruits. 


r — petiole 


,STEM 


Fig. 332.— Inflorescence of 
Lime. 
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The flower (Fig. 333) is pentamerous. The petals are imbricate, 
not twisted as in Malvacese. There are numerous stamens arranged 
in five antipetalous bundles. The anthers are normal. There are 
five caipels, and each cavity of the compound ovary has two ana- 
tropous ovules, but only one loculus, and as a rule only one ovule. 



Fig. 333 .— VERTICAL Sbotion op Flower of Lime. 


develops. The fruit is a nut. The seed is albuminous. The 
fiowers are protandrous, strongly scented and visited by numerous 
insects, chiefly bees. The nectaries are at the base of the sepals, 
and the honey is freely exposed. 


§ 11. Violacesa. 

Distinguishing characters: — Flowers polypetalous, hypo- 
gynous, pentamerous; stamens five; pistil tricarpellary, 
syncarpous; ovary unilocular ; placenta, tion parietal; fruit 
a capsule. In European species the fiowers are zygomorphic 
and the omterior petal is spurred. 

The only European genus in this order is FtoZa, to which 
the various kinds of Violet and Pansy belong. Viola 
odorata is the Sweet Violet ; F. canina, the Dog Violet ; 
F. sylvatica, the Wood Violet; F. palustris, the Marsh 
Violet ; and F, tricolor ^ the Pansy or Heart’ s-ease. 

In this genus the plants are herbaceous, either annual, 
or perennating by means of rhizomes. Some species have 
runners (F. palustris and F. odorata). The leaves are 
alternate, and have large stipules, especially in the various 
BOT. 35 
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kinds of Pansy, where the stipules are leafy and discharge 
the function of foliage leaves. 

The flowers (in British species) are solitary and axil- 
lary. They afe polypetalous, hypogynous, pentamerous, 
irregular and zygomorphic, hermaphrodite, bmcteate and 
bracteolate (Figs. 143, 334). Cal^, of five sepals, poly- 
sepalous, inferior, persistent, imbricate ; the sepals usually 
prolonged downwards below the point of attachment. 



Fig. 334.— Pansy (Viola Tricolor). 
Vertical Section of Flower. 


Corolla of fi:7e petals, polypetalous, zygomorphic; the 
anterior petal has a spur serving as a receptacle for honey, 
and the lateral petals sometimes have a tuft of hairs ; 
aestivation imbricate. 

Andrcscium of five free stamens with very short fila- 
ments, surrounding the ovary ; anthers introrse and sur- 
mounted by memb^ranous outgrowths of the connective; 
the two antero-lateral stamens bear greenish hom-like 
appendages projecting into the spur of the anterior petal 
and functioning as nectaries. Oymcenia of three carpels. 
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syncarpous; ovary unilocular, superior; ovules a, ana- 
tropous, on three parietal placentas; style single; stigma 
usually pointed and oblique, sometimes capitate and hollow 
(Pansy). The fruit is a unilocular capsule dehiscing 
longitudinally into three concave valves, which by their 
contraction squeeze out the seeds, sometimes with con- 
siderable force. The seed is albuminous ; in the Pansy a 
small aril is developed at the hilum. 

Floral formula K5 C5 A6 G(3). 

The flowers are specially adapted to pollination by bees, 
although some of the smaller flowered species are also 
visited by flies and other short-tongued insects (see p. 2(34). 
In most of the British species, except P. tricolor^ the 
flowers frequently fail to produce seed, and cleistogamous 
flowers are developed later (see p. 266). 

Tlie other genera belonging to the order are tropical or subtro- 
pical. Most of them arc distinguished from the genus Viola by 
their regular or nearly regular corollas, and the absence of nectar- 
spurs on the stamens. Many of them are shrubs and trees. 


§ 12. Onagraceas. 


Distinguishing characters: — Flowers 'polypetalous^ ^pigy- 
nous, usually regular, tetramerous or dimerous. Stamens 8, 
sometimes 4 or 2. Ovary multilocular, Placentation axile. 
Fruit usually a capsule or berry. 



Fig. 335. — Vertical Section of Species of SpUohium. 


This order is confined for the most part to temperate 
regions, and is chiefly represented by herbaceous peren- 
nials. A few forms only are shrubby. Common British 
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plants are the Willow-herbs (Epilohivm), the Evening 
Primrose {(Enothera hiennis — a garden-escape), the En- 
chanter’s Nightshade (Circasa). The Fuchsia is a familiar 
exotic. Glarkin and Oodetia are cultivated annuals. 



Fig. 836 .— Verticai. Section of Flower of Evening Primrose. 


PETAL 


The leaves are alternate or opposite, and exstipulate. 
The flowers (Figs. 335-338) may be solitary, or borne in 
racemes, spikes, etc. They are regular or sometimes 

slightly zygomorphic, her- 
maphrodite, tetramerous, 
or (in Circsea) dimerous, 
epigynous. There is a 
honey disc on top of the 
ovary and the thalamus 
is frequently prolonged 
above the ovary into a 
tube bearing the sepals, 
petals, and stamens — 
markedly so in (Enothera 
hiennis (Fig. 336), which 
is pollinated in the even- 
ing by moths. 

Calyx of 2 {Circaea) or 4 sepals, polysepalous, superior, 
sometimes petaloid (Fuchsia) ; aestivation valvate. Corolla 
-usually regular, polypetalous, of '2 (Circsea) or 4 petals; 



Fig. 837. 

A, Flower ; B, Fniit of Enchanter’s 
Nightshade. 
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rarely absent as in Ludwigia* ; aestivation twisted. An- 
droeciuui usually of 8 free stamens, sometimes 4 {Lud- 
vrigia) or 2 (Circma). Oyneeceum polycarpellary, syncar- 
pous, usually of 4 carpels, or 2 (Circieay; ovary inferior, 
4- or 2-locular; ovules one in each loculus {Gircdia) or oc, 




Fig. 388.— Floral Diaorama of ONAOBACRAi:. 
A, EpUohittm ; B, Circcca, 


anatropous; placentation axile. Fruit a loculicidal cap- 
sule (Epilohium and (Enothera), a berry {Fuchsia) or a nut 
(Oircsea, Fig. 337, b). Seed exalbiiminous, sometimes 
with a haiiy aril (p. 273). 

Floral formulae : — Epilohium — ^K4 C4 A4 + 4 Gr(4). 

Circiea — K2 C2 A2 G(2). 

The Willow-herbs {Epilohium) are plants of diverse habit. E. 
angustifolium is found in copses ; E, hirsutum and parviflorum grow 
by the side of ditches ; E, pcUustre, in bogs ; sonic, e.g. E. alpinum, 
which is an alpine species, ascend to considerable heights. The 
flowers are adapted to pollination by bees and butterflies and are 
usually protandrous, but some of them, e.g. E, hirsutum, E. parui- 
Horum, and E, montanwn are nearly homogamous, and are often 
self-pollinated by the bending back of the lobes of the stigma. 

In the Enchanter’s Nightshade (Circoia) the fruit, a nut, has 
hooked bristles (Fig. 337, b). G. UUetiana ^ows in damp woods ; 
its iruit has two seeds. C. alpina is found in hilly districts ; its 
fruit is one-seeded. In the process of pollination the visiting insect 

• Lvdwigia palustris is the only British species. It grows in 
bogs in Sussex and Hampshire, but is very rare. 
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tucks the two stamens unclerncath its body and gets dusted with 
pollen (of. Speedwell). G, aJpiim may be self-pollinated by the 
stamens bending over to the stigmas. 

§ 13. EricacesB. 

Distinguisliing characters : — Flowers gamo][>etaloiis, hypo- 
gynouSf epigynous in Vaccinium ; pentamerous or tetramer- 
Otis ; stamens usually hvice as many as the sepals and petals, 
and not epipetedous ; anthers often with appendages and 
opening hy apical pores; pollen in tetrads; placentation 
axile. Shruhhy plants growing usually on moors and hills. 

This is a widely distributed order consisting of woody 
shrubs, often of low growth, with alternate, opposite, or 
verticellate, simple, exstipulate leaves. Familiar examples 
are the Whortleberry and Cranberry, Heaths, Rhododen- 
drons and Azaleas. They are commonly alpine plants, or 
grow on moors and hills, generally in peaty soil. Many 




are evergreens, and most of them in adaptation to their 
environment are more or less markedly xerophytic. This 
is especially the case in the heaths where the leaves are nar- 
rowed and often rolled back, so as to cover over the under 
surface bearing the stomata, and thus prevent excessive 
evaporation. The roots of most Ericaceas have mycorhizas. 
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The Flowers (Pigs. 339-342) are usually in racemes or 
racemose clusters. They are bracteate, hermaphrodite, 
regular and actinomorphic, or 
slightly zygomorphic {Ehodo- 
dendron), hypogynous or (in 
Vaccinium) epigynous. Calyx 
gamosepalous, 4- or 5-partito, 
persistent, inferior or (in Vac- 
cinium) superior. Corolla 
regular or slightly zygomorphic 
(Bhododendron) t gamopetalous, 

4- or 6-fid, usually globose, ur- 
ceolate, or broadly campanu- 
late, imbricate in aestivation, 
sometimes persistent (Erica 
and Calluna). 

Stamens eight or ten in num- 
ber, rarely five (Azalea) , obdi- 
plostemonous, hypogynous or 
(in Vaccinium) epigynous.* 

The anthers (Pigs. 340, 341) 
often have horn-like appendages 
(absent in Bhododendroji), and 
open by apical slits or pores. 

The pollen is in tetrads (i.e, the four pollen grains formed 
in each mother cell remain united), and may be powdery 
{Erica and Calluna) or sticky {Rhododendron). Gyuas- 
cenm of four or five carpels, syncarpous ; ovary four- or 
five-celled, superior or (in Vaccinium) inferior ; ovules one 
to oc in each loculus, anatropous ; placentation axile ; style 
simple; stigma capitate or four- to five-lobed. Fruit a 
septicidal or loculicidal capsule, or a berry. Seed albu- 
minous. 

In the hypogynous forms there is a well-developed honey 
disc at the base of the ovary (Pig. 340). The flowers are 
usually protandrous, and pollination is generally effected 
by bees, to whose visits the flowers, often pendulous, are 
adapted. 

* EricacesB and Campanulaoeae are the only gamopetalous orders 
in whioh the stamens are not epipetalous. 



ginomm. 
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Rhododendrmi (Fig. 342). — ^^The flowers are pentamorous. They 
are placed more or less horizontally, and the stamens and style are 
bent slightly upwards so as to meet the body of the insect when it 
alights, the stigma being touched first. 

• • The anthers have no appendages. The 

fruit is a septicidal capsule. Azalea 
differs from Rhododeifidrmi ohiefly in 
having five stamens. 

Erica, — The flowers (Fig. 340) are 
tetramerous. The corolla is persistent. 
The anthers have appendages. The 
fruit is a loculicidal capsule. E. Te- 
tralix (Fig. 339) is the Cross-leaved 
Heath, E. cinerea is the Bell-Hea- 
ther. These arc the commonest Brit- 
ish species. Bees visiting the pendulous 
flowers first touch the projecting stigma 
and then shake the anthers by pushing 
Pig. 342. -Floral Diagram of against their appendages. 

Rhododendron. Galluna vulgaris (sometimes called 

Erica vulgaris)^ the Ling or Heather, 
is very abundant and widely distributed. It resembles Erica^ but 
it has a pctaloid calyx and a small corolla out almost to the base. 
It is often wind-pollinated as the pollen tetrads are dry and readily 
blown out of the anthers. 

Andromeda (the Wild Rosemary) is a plant with capsular fruit 
which grows in peat bogs. Arbutus Unedo (Strawberry Tree) 
with baccate fruit is found at Killarney. Arctoslaphylos Uva-ursi 
(Fig. 341, a) and A. alpina, the Red and Black Bearberry, are 
alpine plants found in the Highlands. In all these the anthers have 
appendages and the ovary is superior. 

V(zccinium is the only genus in which the ovary is inferior. For 
this reason it is sometimes placed by itself in an order Vacciniacere, 
but in all other essential respects it agrees with such forms as Erica 
and Arctoslaphylos, The fruit is baccate. V. Myrtillus is the 
Whortleberry, Bilberry, or Blae-berry; V, Vitis-ideea, the 
Cowberry; V, Oxycoccos, the Cranberry; V. idiginos^m, the 
Bog Whortle^rry (Fig. 341, b). 

Two plants forming a small order (Pyrolaceie) have also sometimes 
been included in the EricaceaQ — Pyrola, the Winter-green, and 
Monotropa Hypopitys, the Bird’s Nest. Pyrda grows in moist 
woods ; its petals are almost free. Monotropa is a saprophyte with 
small yellow scaly leaves found in fir and beech woods (p. 197). 

§ 14. Frimnlacece. 

DistijiguiBhing characters : — Flowers gamo^etalous, hypo^ 
gynous, regular; stamens epipetalous, antipetalous ; pistil 
syncarpous ; free central placentation. 
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The plants belonging to this order are herbs perennating 
by means of rhizomes or tubers. The leaves are exstipulate, 
opposite or alternate, or radical, usually entire. The 
flowers are often borne on scapes. There are nine genera 
represented in Britain. 

The flowers (Figs. 125, 343) are usually regular, axjti- 
nomorphic, hermaphrodite, pentamerous (or sometimes 
tetramerous) ; many are heterostyled 
{e.g. Primula, Hottonia, Glanst^, • 

The calyx is gamosepalous and per- 
sistent 5- (or 4-) cleft. The corolla 
is gamopetalous, regular ; it is absent 
in Glaux, the Sea Milkwort. The 
stamens are 5 (or 4) in number, 
epipetalous and antipetalous. The 
gynsBceum is polycarpellary (5 car- 
pels), syncarpous, with a single style 
and a capitate stigma ; the ovary is Fig. 343 .— Floral dia- 
unilocular, superior ; the ovules are Primula. 

numerous, anatropous or amphitro- 
pous ; the placentation is free central. The fruit is a 
capsule, dehiscing by 5 valves (hence we infer 5 carpels), 
e.g. Primrose ; or a pyxidium, e.g. Pimpernel. The seed 
is albuminous. 

The antipetalous position of the stamens is explained by 
supposing that an outer whorl of stamens has disappeared. 
This receives support from the fact that staminodes 
alternating with the petals are occasionally met with 
(e.g. in Samolus). 

Pollination. — The flowers are usually homogamous and 
honeyed, the honey being secreted by a ring round the 
base of the ovary ; but in Trientalis they are pi’otogynous 
and honeyless. The long-tubed forms are largely visited 
by bees and butterflies ; those with shallow or open flowers 
by flies. ^If -pollination frequently occurs. 

PnWa.— The Priinros6r(P. viUgaria) has a sympodial rhizome. 
The flowers are apparently borne singly, but really form an umbel, 
since they all arise from a very short outgrowth from the stem. 
The Cowslip {P. veris) and Oadip (P. elatior) have long scapes in 
which the flowers are arranged in an umbel. 
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Lysimachia has three common British species. Yellow Loose- 
strtfe (Z. mdgaris) grows beside streams ; it has its flowers in 
cymose clusters. Yellow Pimpernel (Z. nemoni7n) and Creeping 
Jenny or Moneywort (Z. nuimnviaria) are prostrate creeping 
plants in which the flowers are solitary and axillary. 

The Sea Milkwort {Glatix ^naritima) is a sca-sliore plant, with 
creeping rhizome and small crowded fleshy leaves. The small 
flowers, which arise in the axils of the leaves, have a white or pink 
calyx, but no corolla. In the Water Violet (Hottonia pahistris) 
the leaves are submerged and much divided ; it produces winter 
buds. The Scarlet Pimpernel (A^iagallia arvetisis) is a common 
annual in flelds. The flowers are solitary and axillary. The plant 
has been called the Poor Man’s Weather-glass because the flowers 
close in bad weather. Varieties with white and blue flowers are 
found. Anagallia tendla is the Bog Pimpernel. 

In Trientale or Chickweed Winter -green (Tinentalis 
europcea), found in mountain woods, the aerial shoot bears a 
whorl of leaves and a few flowers in which the parts are in sevens. 
The Cyclamen {Cyclamen eur&pceum),, which is not really native, 
has a massive corm ; the petals are reilexed. In the Brookweed 
{Samolus VcUera^idi), found usually near the sea, the ovary is half- 
inferior. 

§ 15. Oleaceae. 

Distinguishing characters : — Flowers gamopetalous, rarely 
apetalous, hypogynous^ regular, usually 2- or 4i-merou8 ; 
stamens 2, epipetalous, inserted on the base of the corolla ; 
pistil bicarpellary, syncarpous ; ovary bilocular ; seeds feiv. 

Tliis is an order of trees and shrubs widely distributed 
in temperate and tropical regions. They have opposite 
decussate, simple or compound, exstipulate leaves. The 
only native British representatives are the Ash {Fraxinus 
excelsior) and .the Privet (Ligustrumvulgare). Other well- 
known forms ^re Syringa vulgaris, the Lilac, and Jasminum, 
the Jasmine ; Olea Europsea is the Olive. . 

The inflorescence may be racemose or cymose; it is 
frequently a racemose or thyrsoid cyme {e.g. Privet and 
Lilac). The flowers (Figs. 344, 345) are regular, usually 
hermaphrodite (polygamous in the Ash), hypogynous. No 
honey disc is developed. 

The calyx is gamosepalous, usually A~fid (5-10 in 
Jasminum), inferior; absent in common Ash; valvate 
in aestivation. Corolla regular, gamopetalous, usually 
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tubular and 4-lobed (5-10 in Jasminum) ; absent in com- 
mon Ash; valvate or (in Jasminum) imbricate in aesti- 
vation. 

AudroBcium of two free stamens usually'placed in the 
lateral plane, epipetalous and inserted on the base of the 
corolla. Gyuaeceum bicarpellary, syncarpous ; ovary 




Fig. 3U.- Florai. Dtaqram ok Fig, 345.— Hermapiiroditb Flowku 
O r.KAOEifi. OK Ash. 


bilocular, superior ; ovules anatropous, one or two in each 
loculus, suspended (Ash, etc.) or ascending (Jasmine) ; 
style, single or absent ; stigma, cleft. Fruit a loculicidal 
capsule (Lilac), a berry (Privet), a drupe (Olive), or a 
samara (Ash). Seeds 1-4, albuminous or (Jasmine) 
exalbuminous. 

Common formula: K(4) C(4) A2 0(2^). 

Ash. — Tho inflorescenee in tlic common Ash is racemose and 
clustered. The plant is polygamous. The flowers come out before 
the leaves, and are wind-pollinated. The hermaphrodite flowers 
(Eig. 345) are protogynous, and consist of two stamens inserted 
under tho bicarpellary pistil, and alternating with the two carpels. 
Only one loculus and one seed come to maturity (see Fig. 42, p. 72). 
It is interesting to notice that Fraxinus Ornua, the Manna Ash of 
S. Europe, has both calyx and corolla, the latter 4-partite. 

The Lilac is pollinated by bees and butterflies ; the Friv>et by 
bees or butterflies, or more usually at night by moths ; Jasmine 
in the evening by moths, to which the length of its tube is 
adapted. Jasminum diflfers considerably in some of its characters 
from the other genera, as indicated above, and is sometimes placed 
in a distinct order. 
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§ 16. Boraginaceaa. 

Distinguishing characters: — Flowers gamopetalous, hypo- 
gynous, usually regular, pentamerous ; stamens 6, epipe- 
talous; structure of ovary and fruit. Mostly hairy herbs. 
Common plants belonging to this order are the Borage 
(Borago), tliQ Comfrey {Symphytum), Myosotis or Scorpion- 
grass (e.g. Myosotis palustris, the Water Myosotis or For- 
get-me-not, and M. sylvatica, the Wood Myosotis), the 
Viper’s Bugloss (Echium vulgar e), the Q-romwell {Litho- 
spermum), the Bugloss (Lycopsis), and the Hound’s-tongue 
{Cynoglossum) , Mertensia maritima is a sea-shore plant 
with succulent leaves covered with waxy bloom. Pulmonaria, 
the Lungwort, is a rare plant in Britain. They are herbs, 
usually with very hairy, sometimes even bristly, stems and 
leaves. The stems are cylindrical and the leaves alternate, 
simple and often entire, exstipulate. 



Fig. 346.— nOHAOR (Rokago offioinalia). 
If Verticjil Section of Flower. 


The inflorescence is apparently a scorpioid cyme, or a 
dichasiiim of scorpioid cymes ; but some botanists believe 
that many of the so-called scorpioid cymes are really 
unilateral racemes. Flowers (Figs. 346, 347) usually 
regular, sometimes slightly zygomorphic (Echivm), penta- 
merous, hypogynous, occasionally heterostylic (e.*g. Pvhno- 
naria and species of Myosotis), Bracts, when present, may 
adhere to the axillary axes (cf. Solanacese, Crassulacese, 
Tilia, etc.). 
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Calyx gamosepalous, 5-partite, inferior, persistent. 
Corona usually regular (slightly zygomorphic in Echium), 
gamopetalou s, 5 - lobed ; tubular, 
funnel-shaped or rotate ; usually 


imbricate in aestivation. In some 
genera (e.g. Borago^ Symphytum^ 
Gynoglossum) the petals are ligu- 
late, and the ligules, which are 
scaly, constitute a corona which 
closes in the throat of the corolla 
(Fig. 346). Stamens 5, free, epi- 
petalous. The anthers sometimes 
have appendages, e.g. in Borago 
(Fig. 346). OynsBcenm and fruit 
as in Labiatse (q.v.). In some 



Fig. 347.— Floral Diacram of 
Boraoinacea*:. 


forms, chiefly tropical, the style is 

not gynobasic, but terminal, and the fruit is a drupe, e.g. 
Heliotrope. The seed is nearly exalbuminous. 


Floral formula : — 


K(5) 0(5) A5 a(^). 

The Viper’s Bugloss is dimorphic. Some plants are 
smaller than the ordinary ones, and produce only female 
‘flowers. This is the gynodioecious condition (see p. 312). 

In correlation with the varying length of the corolla 
tube, the flowers of Boraginacese are adapted to a variety 
of insect visitors. The shorter-tubed forms, e.g. Myosotis, 
may be pollinated by flies in addition to bees, etc. The 
longer-tubed forms, especially those with pendulous 
flowers {e.g. Comfrey, Borage, etc.), are adapted to polli- 
nation by bees. The scales developed in the throat of the 
corolla keep ofp undesirable visitors, and cause the polli- 
nating insect to keep to a definite path in seeking for the 
honey, which is secreted by a honey disc at the base of 
the ovary. In the Borage the insect touching the append- 
ages of the stamens disturbs the anthers, and gets dusted 
with pollen. 

The Boraginacess are closely related to Labiatas, Oon- 
volvulacees, and Solanaceaa. 
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§ 17 . SolauacesB. 

Distinguishing characters : — Flowers gamopetalous, hypo- 
gynouSj regular and pentamerous ; stamens five, epipetalous, 
sometimes syn^enesious ; pistil hicarp)ellary, syncarpous ; 
fruit a capsule or berry. 


This order is well represented in tropical countries, but 
only a few genera are found in Europe. It consists chiefly 
of herbs and shrubs with simple, more or less divided, 
exstipulate leaves, which are alternate in the vegetative 
region, but sometimes appear in pairs in the region of 
inflorescence. 


The following are some of the better-known members of 
the order : — Solanum dulcamara, the Woody Nightshade or 
Bitter-sweet ; 8, tuberosum, the Potato ; 8. Lycopersicum, 
the Tomato ; Atropa Belladonna, the Deadly Nightshade ; 
Hyoscyamus niger, the Henbane ; Datura 8tramonium, the 
Thorn-apple; Nicotiana Tabacum, the Tobacco Plant; 
Physalis Alkehengi, the Winter Cherry ; Lycium barharum, 
the so-called “ tea-plant ” of English hedges and cottage 
gardens ; and the various kinds of Petunia. Mandragora 

officinalis, the Man- 



drake, also belongs 
to this order. The 
Bitter-sweet, Hen- 
bane, and Deadly 
Nightshade grow 
wild in Britain. 

Many of these 
plants possess nar- 
cotic properties, 
and some are of 
medicinal import- 


Fig. 348.--VBRTICAL Section of Flower of 
Solanum tuberoaum. 


ance, e.g. Atropa 
Belladonna, from 


which the alkaloid 


atropin, the active principle in belladonna, is derived. 
Others have edible fruits (Tomato) or tubers (PotatoV 
The inflorescence is usually a cyme, in which, some- 
times,. the bracts are adnate to the axillaiy axes {e.g. 
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Atropa), The flowers (Figs. 348, 349) are regular, or 
nearly regular, pentamerous and hermaphrodite. 

The calyx is ganiosepalous, five-cleft, and persistent ; in 
the Winter Cherry, for example, it forms the red bladder- 
like investment to the fruit. The 
corolla is usually rotate (Bitter- 
sweet), or campanulate (Atropa Bel- 
ladonna), The stamens are five in 
number, epipetalous, and alternate 
with the lobes of the corolla. The 
anthers are sometimes connate 
(syngenesious, e.g. Solanum), and 
dehisce either by longitudinal slits 
{Atropa Belladonna) or by pores 
{Solanum), 

The gyuaBceum is bicarpellary 
and syncarpous ; the ovary usually 
bilocular, but it sometimes becomes multilocular owing to 
the formation of false septa {Datura), The two carpels 
are placed obliquely in the flower and not in the median 
plane (Fig. 349). The placentas are axile, usually large 
and swollen, and bear numerous ovules. The style is 
single ; the stigma simple or bilobed. 

The flrait is a capsule {Hyoscyamus and Datura) or 
berry {Solanum and Atropa), The seed is albuminous. 
The flowers are entomophilous. Nicotiana is pollinated in 
the evening by moths. Solanum is visited for pollen. 

The Solanacess are closely allied to the Scrophulariacees. 
They are distinguished from the latter by their regular or 
nearly regular flowers, and by the oblique position of the 
carpels (a character, liowever, not easily recognised). 



Ploral formula:— K(6) 0(5) A5 a(2). 


§ 18. Flantaginace». 

Distinguishing characters : — Flowers gamopetalous, hypo- 
gynous, regular and tetramerous, small and inconspicuous ; 
stamens 4, with long filaments and versatile anthers ; fruit 
a pyxidium {rarely a nut), Plants with ribbed omd usually 
radical leaves. 
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This is a very small order though widely distributed in 
temperate regions. It contains only three genera, of which 
two are represented in Britain — Plantago, the Plantain, 
the only important genus, by five species, and Littorella, the 
Shore-weed, by one. The plants are annual or perennial 
herbs. The leaves are usually radical, without distinct 
petioles, exstipulate and strongly marked with parallel ribs. 
Some species of Plantagc are xerophytic. 



Fig. 350. ~A, Spike ; 13, Flower of species 
of Plantago, 



Fig. 351.— Floral Diagram 
OF Plantaoinacras. 


The flowers (Pigs. 360, 361) are borne in spikes on elon- 
gated axillary scapes. They are regular, isobilateral, usually 
hermaphrodite (unisexual in Littorella)^ hypogynous, small, 
inconspicuous, protogynous, and anemophilous. 

Cal^ gamosepalous, deeply 4-partite, small, inferior, 
persistent. The* sepals are diagonal. Corolla regular, 
gamopetalous, usually tubular and four-lobed (salver- 
shaped), thin and membranous, imbricate in aestivation, 
persistent. 

Androecium of 4 free stamens, epipetalous (hypogynous 
in Littordla) with long persistent filaments ; anthers ver- 
satile, with abundant pollen. Gynsecenm bicarpellary, 
syncarpous ; ovary superior, bilocular, sometimes 4-locular 
owing to formation of false septa (Plantago Coronopua) 
or unilocular (Littorella) \ ovules solitary and basal 
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(Littorella) or, usually, two or more with axile placenta- 
tioii, anatropous or (in Littorella) campylotropous ; style 
single ; stigma simple or cleft. Anit a pyxidium {Flan- 
tago) or nut (Littorella). Seed albuminous; in Plantago 
the testa is mucilaginous. 

Plantago major is the Oreater Plantain ; P. media^ the Hoary 
Plantain ; P. lanceolata^ tlie Hibwort Plantain. Plantago Coro- 
jiopns and P. nmritima (tiie Sea Plantain) are xerophytio forms 
with linear leaves. The former is found in sandy places usually 
near the sea. The ocourrenoe of the latter at the sea-side, in salt 
marshes, and on mountains is interesting as showing that these diffe- 
rent habitats (sea-side and alpine) require somewhat similar xero- 
phytie adaptation (see p. 217). 

The protogynous condition is readily recognised in the spikes of 
Plantago (Fig. 350, a). When the stamens of the lower flowers pro- 
trude after the withering of the stigmas, the stamens of the upper 
flowers are still in the bud and the stigmas ready for pollination. 
Some species may be visited by insects for pollen. Plantago lanceo- 
lata may be dimorphic, some plants having only pistillate flowers 
(the gynodicecious condition — see p. 557). 

Littorella lacualris (Littoral or Shore-weed) is a small creeping 
aquatic growing on the margins or at the bottom of lakes and ponds. 
It has smndor, radical, centric leaves with numerous cavities or 
spaces, and produces small spikes each of which bears two female 
flowers and one male. The flowers are aiiemophiloiis and the pis- 
tillate ones ripen before the male. 

The Plantagiiiaceae are regarded as an anomalous or de- 
generate order allied to Scrophulariaceae. The tetramerous 
arrangement with diagonally placed sepals is generally 
supposed to have been derived from a pentamerous condi- 
tion by suppression of the posterior sepal and the posterior 
stamen and the fusion of the two posterior petals (Fig. 351, 
and cf. Speedwell, p. 315). 

§ 19. Caprifoliaceaa. 

Distinguishing characters ; — Flowers gamopetalous, epi- 
gynous, regular or, occasionally^ zygomorphicy usually 6- 
merous, and hermaphrodite ; stamens usually 5, epipetaZous ; 
gynseceum of 2-5 carpels, syncarpous ; ovary muUilocular ; 
ovules pendulous or suspended; fruit baccate or drupa- 
ceous. 

BOT. 


36 
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This is a small order of shrubs or, rarely, herbs, chiefly 
found ill temperate regions. Common British plants are 
the Honeysuckle {Lomcefa, e.g. L. Periclymenum, the 
Common Honeysuckle or Woodbine), the Elder (Sambucus 
nigra) ^ the Wayfaring Tree {Viburnum lantana), and the 



Guelder-rose {Viburnum Opulus). The leaves are opposite 
and decussate, usually simple and exstipulate; tliey are 
compound, pinnate, and stipulate in the Elder. Lonicera 
Periclymenum and L. Caprifolium 
• are twiners. In L. Gaprifolium 

the leaves are connate (p. 133). 

The inflorescence is cymose, 
frequently a corymbose cyme {e.g. 
Elder, where the branching is 
multiparous), or a cymose head 
{e.g. Guelder-rose and Honey- 
suckle). The flowers (Pigs. 352, 
353) are regular or occasionally 
zygomorphic, hermaphrodite, usu- 
ally 5-merous, bracteate, epigyn- 

Fig. 363.— Floral Diaqram OUS. 

or Lonicera. Cal3rz gamosepalous, usually 

5-fld or -toothed, superior. Corolla 
regular or zygomorphic, usually of 5 petals, gamopetalous, 
tubular, infundibuliform, campanulate, or rotate, some- 
times more or less bilabiate (e.g. Lonicera Gaprifoliwm ) ; 
aestivation usually imbricate. 
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AudroBcinm usually of 5 free epipetaloiis stamens. 
Gyneeceum of 2-5 carpels, syncarpous ; ovary inferior, 
multilocular ; ovules anatropous, 1 — oo in each loculus, 
usually pendulous or suspended ; sometim& one or more 
of the loculi and ovules are abortive ; style single, 3-5 cleft 
or absent; stigma capitate. Fruit a berry, or a drupe 
with 1-5 cavities and a cartilaginous endocarp. Seed 
albuminous. 

Floral formula: — K(5) C(5) A5 Gr(2-— 5). 

In Lonicera the inflorescence consists of small dichasia in 
which the middle flower is suppressed. In L. Xylosteum they 
are borne in pairs in the axils of the leaves; in the other two 
British species they are aggregated in heads. There is a fleshy 
honey disc (Fig. 352) at the base of the corolla tube, which 
is much longer here than in the other genera. The flowers of 
L. Caprifolium are protandrous and adapted to pollination by 
night-moths, though visited for pollen by other insects. Those 
of the other species have shorter tubes and are often visited by 
bees. The gynseceum consists of 2 or 3 carpels, and the fruit is 
a berry. 

Ill Viburnum the ovary is trilocular with 3 pendulous ovules, but 
only one loculus with its ovule develops. The fruit is drupaceous, 
with one seed enclosed in a cartilaginous endocarp (it is often called 
a berry). In V, Opulus (Guelder-rose) the outer flow^ers of the 
inflorescence are neuter and have large corollas. This is the con- 
dition of all the flowers in the cultivated form. The flowers secrete 
honey, freely exposed. 

In Sambucus the ovary has 3-5 loculi and the fruit is drupaceous 
(see p. 281). It is visited for pollen by various insects, but is often 
self-pollinated. 

In lAnncta borealis^ a small plant occasionally found in woods in 
hilly districts, the androscium consists of four stamens, and is didy- 
namous, the posterior stamen being suppressed. 

Symphoricarpus racemosus, the Snowberry, common in shrub- 
beries, has a 4-5 celled ovary and a white berry. It is pollinated 
by wasps. 

In Adoxa moschatellinay the Moscliatel, a small graceful plant 
found in damp woods, the flowering shoot springs laterally from a 
rhizome with terminal growing point. It has a few radical leaves 
and a pair of compound leaves below the inflorescence which is 
cymose and consists of a cluster of 5 small greenish flowers. The 
terminal flower is tetramerous, the lateral ones pentamerous. The 
calyx is wanting, but in place of it there is an involucre of three 
leaves representing bract and bracteoles. The 4 or 5 stamens are 
branchea so that there are really S or 10 stamens bearing half 
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Pig. 354.— Vertical Section of Flower of 
Iris. (After Church.) 


anthers. The fruit is 3-5 
celled, and is drupaceous. 
The flowers secrete honey 
and have a musky smell. 
They are pollinated by flies. 
Adoxa is now usually placed 
in a separate order by itself 
(Adoxaceac). 

§ 20. Zridaceas. 

Disting^lishing charac- 
ters : — Perianth petaloid ; 
flowers epigynous ; 3 sta- 
mens ; inferior trilocular 
ovary. 

The IridacesB are large- 
ly represented in dry 
sonny countries (South 
Africa, etc.). Familiar 
plants are the Crocus, 
Iris or Flag, Gladiolus, 
and Freesia. Iris pseuda- 
corus, the Yellow Flag, 
Crocus nudiflorus, the 
Autumnal Crocus,* and 
Gladiolus communis are 
found in Britain, the last 
two probably naturalised. 
Most of them perennate 
by means of corms (Cro- 
cus, p. 86, Fig. 53), or 
sympodial rhizomes 
(many species of Iris), 


On the left are sliown an outer i)erianth seg- 
ment, a petaloid stylo entire, and an inner 
posterior perianth segment cut in half. On 
the right an outer anterior perianth segment 
and a style are out in half showing a stamen 
lying between them ; at the back is a lateral 
. inner perianth segment (petal) s == stigma ; 
. bract and bracteoles are also shown* 


* Distinguish from Golchi- 
cum aulumiiale, the Meadow 
Saffron, which is also called 
the Autumn Crocus, see p. 
324. In appearance the 
plants are very similar. 



ADDITIONAL NATURAL ORDERS. 566 

The leaves are often equitant and isobilateral (Pig. 101), 
e.g. Iris, 

The inflorescences are usually small cymes variously 
arranged. Thus in the Iris the flowering •axis ends in a 
flower (which opens first), and has small lateral cymes 
each invested by a spathe. In Gladiolus and Freesia the 
lateral cymes are reduced to single flowers, each with a 
spathe (bract), so that the inflorescence is like a spike. 
In some species of Crocus the flowering axis ends in several 
flowers (cyme) ; but in the common species it is one- 
flowered (cf. Aiiifaryllidaceffi). 

The flowers (Pig. 354) are hermaphrodite, regular (Iris 
and Crocus) , or zygomorphrc (Gladiolus, Freesia) , epigynous. 
Perianth of six segments in two series, gamophyllous, 
petaloid, superior. 

Androscinm of three epiphyllous stamens ; they repre- 
sent the outer whorl, the inner whorl being suppressed, 
and are situated between the carpels and the outer perianth 
segments. The anthers are extrorse and lie on the outer 
side of the styles. GfynaBcenm tricarpellary, syncarpous ; 
ovary inferior, trilocular, with x anatropous ovules; 
iplaceniation axile. The styles are united below, but free 
above, and sometimes expand into three large petaloid 
lobes (Iris), Fruit a loculicidal capsule. Seed albu- 
minous. 

Ploral formula: — P(34-^A3-f 0 G(3). 

In the Crocus honey is secreted by a nectary on top of the 
ovary (whicli is at first underground), and rises to the mouth of 
the long slender perianth tube. The flowers are protandroua, 
and are pollinated by bees or butterflies, whicli touch the stigmas 
before the anthers. Failing cross pollination, self-pollination may 
occur. In the Iris (see Fig. 354) the anthers and pollen are pro- 
tected by the petaloid styles. The stigmas arc three thin mem- 
branes developed on the outer surfaces of the styles just above the 
anthers. Honey is secreted by the tissue of the basal portion of 
the perianth tube. A bee on entering the flower first pushes against 
the upper surface of the stigma wliieh alone is receptive and then 
brushes the extrorse anthers. It is guided in many species by broad 
bands of hairs (known as the “beard”) developed on the perianth 
segments. 
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(A) CHAPTERS I. -VIII. 

1. Describe, with sketches, the seed, the mode of germination, 

and the seedling of Pea, Wheat, Cress, Sycamore, Lupin. 

2. Give an account of the uses, and the behaviour during ger- 

mination, of the cotyledons in various seeds whose germin- 
ation you have watched. 

3. What are the food -substances commonly stored up in seeds? 

In what form do they occur, and by what tests would you 
recognise them ? How do they become available to the young 
plant at the time of germination ? 

4. Examine, draw, and describe twigs of Horse Chestnut, Syca- 

more, Ash, and Elm, as they appear in spring before the 
opening of the buds. 

5. Make a drawing of the opening bud of the Horse Chestnut or 

Sycamore. What is the nature of the bud-scales, and what is 
their use ? 

6. Describe, with drawings, the internal structure of (a) the 

corm of Crocus or Gladiolus, and {h) the bulb of the Onion 
or Hyacinth. 

7. Describe the i*oot, stem, and leaves of the Sunflower, Fox- 

glove, Dead-nettle, Hose, and Dandelion. 

8. Describe various methods in which plants may reproduce 

themselves vegetatively. 

9. How would you distinguish between (a) a simple leaf and a 

cladode, (&) a compound leaf and a short branch ? 

10. Explain the i^ture and functions of the following : — (a) scale- 

leaves, (6)' stipules, (c) phyllodes, (c?) bulbils, (e) prickles, 
(/) ligules. 

11. What are meristematio tissues? Give an account of the 

meristematic tissues found in dicotyledonous stems. 

12. How are new cells formed at the apex of a stem or root? 

Give an account of the phenomena observed in connection 
with cell-formation there. 

13. What is cell-sap ? Where does it occur and what does it 

contain ? What purpose does it serve in the economy of the 
plant? 
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14. Describe the structure and development of an open, collateral 

vascular bundle, and indicate the functions of the various 
parts. 

15. Describe the structure, as seen in transverse section, of a 

twig of any dicotyledonous tree. • 

16. What structural diflbrences would you expect to find in the 

stem of a water-plant {e.g, Mare’s-tail or Water Milfoil) as 
compared with that of an ordinary herbaceous land-plant? 

17. Wliat are the functions of the foliage leaves in an ordinary 

land-plant ? Describe the structure of a typical dicotyledonous 
leaf, and indicate how it is adapted to tlie conditions under 
which its functions have to be carried on. 

18. Describe the structural characters of the epidermis of the stem 

of the Sunflower, or of any otlier herbaceous Dicotyledon you 
may select. 

19. What is solerenchyma ? Describe its structural characters, 

and give some account of its distriljution and functions in the 
stems and IcaA^es of flowering plants. 

20. Draw diagrams of longitudinal seetio!is of a root and of a stem. 

Include the apex and the characteristic lateral appendages in 
each case. 

21. Mention the more important structural differences between 

roots and stems, and, as far as you can, give an exxflauation 
of these differences. 

22. Give a short account of the structure, development, and 

functions of cork in dicotyletlonous stems. 

23. What is understood by secondary growth? What is its 

significance? Describe the process as seen in the stem of a 
Dicotyledon. 

24. Describe, in the case of a dicotyledonous tree, the mode of 

origin and growth of a lateral branch. Name in order, from 
the centre outwards, the tissues that you would expect to 
find in a transverse section taken at the base of the branch at 
the end of the third year. 

25. What are the more important differences in stem, leaf, and root 

which would enable you to distinguish a monocotyledonous 
from a dicotyledonous plant ? 

26. Give a short account of the phenomena observed in connection 

with the fall of leaves in trees. 

27. Give a general account of the structure and functions of 

bundle-sheath and pericycle in the root, stern, and leaf of 
Angiosperms. 

28. How does the nutrition of an animal differ from that of a 

green plant in respect of (1) the substances assimilated, (2) the 
piode in which they are assimilated ? 
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29. Give an account of the way in which the processes of meta- 

bolism in plants lead to the storage of starch in their seeds. 

30. Describe the characters of sand, clay, limestone, and humus, 

with reference to the growth of plants. 

31. Give an account of the process of root-absorption. By what 

means are roots enabled to absorb substances which are in- 
soluble in water ? 

32. What is root-pi‘cssure ? How would you demonstrate and 

measure it ? 

33. Give an account of the composition and function of cliloro- 

X»hyll. Under what conditions is it found, and how does it 
occur in the jdaiit ? 

34. How would you prove that a green plant makes food when 

exposed to light ? 

35. What is a carbohydrate? Mention tlie chief carbohydrates, 

stating how they are distinguished from each other. How 
.are oils and fats distinguislied from carboliydrates ? 

36. What conditions ai'e essential in order that a green jdant may 

form starch ? Give an account of the experimental evidence 
on which your answer is based. 

37. Give a general account of the structure, origin, occurrence, 

and functions of plastids. 

38. Eimlain how you would proceed to make a water-culture. 

Indicate the effect, on the plant, of the omission of salts con- 
taining iron, calcium, potassium, and nitrogen respectively. 

39. Of what substances do the crystals found in plant-cells 

usually consist ? Under what circumstances arc these crystals 
formed ? 

4‘>. Describe experiments you have made on transpiration, and ex- 
plain how the rate of transpiration is affected under different 
conditions. 

41. Bubbles of gas arise when a green water-plant in a bowl of 

ordinary tap-water is placed in sunlight. What is this gas 
and how is it produced ? Give as full an explanation as you 
can of the ^eot of (a) replacing the tap- water by previously 
boiled water, (b) introducing lumps of ice into the original 
bowl of water. 

42. Along what tissue does the sap ascend in a stem in its passage 

from root to leaf ? How would you endeavour to prove by 
experiment the truth of your statement ? What other move- 
ment of liquid substance takes place in plants besides the 
ascent of the sap, and what'is the path of this current ? 

43. What is growth? What are the conditions necessary for 

growth? Give an account of the properties exhibited by. 
growing points. 
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44. Name the necessary conditions of germination, and describe 

experiments, which you have seen or performed, to prove 
what you say. 

45. What is respiration? How would you demonstrate that it 

takes place in plants? How is the proodfes alFected (a) by 
heat, (6) by light, (c) by increased rapidity of growth ? 

46. Describe exactly how you would obtain the dry weight of a 

seedling. What difference would you expect to find between 
the dry weight of (a) a seed, {h) a seedling of the same plant 
grown in the dark for some time, (c) a similar seedling grown 
under normal conditions for the same time ? Give reasons. 

47. Describe accurately an experiment which you have seen in 

which the rate of growth of shoots or roots was measured. 
Which part of the root grows most rapidly in length and 
which part absorbs most water ? What advantages do plants 
gain by the increase of their shoots and roots in length and 
thickness ? 

48. The trunk of an Oak tree, when in full leaf, is sawji all round 

so deeply as to cut through the sap-wood. State and explain 
the efiect of this operation. 

49. What is meant by “ selective root-absorption,” and how is it 

related to “ rotation of crops ” ? 

50. What is meant by “nitrification” ? What is its importance in 

plant-life, and under what conditions does it occur ? 

51. What is there peculiar about the nutrition of leguminous plants ? 

Explain the importance of Leguminosas in connection with 
the rotation of crops. 

52. Mention three carnivorous plants that occur in Britain, and 

describe the structures that are adapted for catching or 
trapping the animals in each case. 

53. Describe the chief characters of British fiowering plants which 

are total parasites or total saprophytes. 

54. What is hcliotropism ? How would you account for the phe- 

nomena presented ? Give examples to indicate the biological 
significance of hcliotropism. 

55. What is meant by the irritability of plants? Illustrate your 

answer by reference to growing stems and roots. 

56. Describe two examples of twining plants. How is twining 

effected ? What are (1) the advantages, (2) the disadvantages, 
of a twining habit? 

57. What is meant by geotropisni ? Write an account of any three 

experiments you may have performed in order to investigate 
the nature of geotropio phenomena in roots. 

58. Give an account of the growth, structure, and function of 

tendrils. 
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59. Describe carefully how you would fit up an experiment which 

would show clearly the effect of light on the direction of 
growth of the stem and root of a seedling. State brielly the 
other effects of light on plants. 

60. Mention somd leaves which show movements. Of what use are 

the movements to the idant? 


(B) CHAPTERS IX.-XIII. 

61. Examine and describe the flowers of any five of the following 

plants : — Pea, Dead-nettio, Foxglove, Lesser Celandine, Cam- 
pion, Cherry, Dog Rose, Pansy, Cow Parsnip, Primrose, 
Dandelion, Lily, Snowdrop. 

62. Give, with drawing, a description of the structure of an ana- 

tropous ovule at the time of fertilisation. 

63. Describe, with examxdcs, the structure of (1) a hypogynous, 

(2) a perigynous, (3) an epigyiious flower. 

64. Wliat is meant by place n Lition ? Examine and describe tlio 

structure of the ovary and the placentation in the Snowdrop, 
Foxglove, (Gooseberry, Sweet William, St. Jolin’s Wort, 
Orchid, Tulip, Pansy, Willow Herb. 

65. Mention, and give examples of, various processes by which 

floral structure has been modified. What is the general 
significance of floral modification ? 

66. Examine, and make drawings of, the stamens of the Foxglove, 

Potato, and a Lily, to show (a) general form, (6) insertion of 
anthers, (c) mode of dehiscence, (d) internal structure. 

67. In what respects does a flower (a) resemble, (h) differ from, a 

vegetative shoot ? 

68. Give diagrams, with brief descriptions, showing the variation 

in the form of the ovary and receptacle in the Kosaceas. Give 
examples of each case. Name the chief British Genera of the 
order. 

69. Desoril>e the i^^lorescenoes of the following plants : — Monks- 

hood, Lupin./ Cherry, Privet, Sycamore, Ivy, Campion, 
Buttercup, Willow, (Gurrant. 

70. Briefly describe, with examples, the following forms of inflor- 

escence, and point out the relationship which exists between 
them : — Panicle, raceme, umbel, spike, spadix, capitulum. 

71. Give a concise summary of the various contrivances favouring 

the cross-fertilisation of flowers. 

72. Explain clearly the biological significance of (a) brightly 

coloured, (6) irregular, (c) regular, and (d) inconspicuous 
flowers. 

73. Give an account of the structure and function of a pollen-grain. 
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74. Describe the processes which lead to the conversion of an ovule 

into a seed, and state what is the difFerenco between albu- 
minous and exalbuminous seeds, giving examples. 

75. What flowers have you yourself observed being visited by 

wasps, by butterflies, by bees ? What insecfe have you your- 
self seen at Sweet Pea, Primrose, and Buttercup ? 

76. What is believed to bo the precise signiflcance of cross-fertilisa- 

tion in plants ? 

77. Draw a series of diagrams representing successive stages in the 

development of a dicotyledonous embryo from its origin. 
Name the corresponding parts in the several diagrams. 

78. What are cleistogamous flowers ? Name three plants in which 

they are found. What is their significance ? 

79. How is the endosperm tissue of seeds formed? Describe the 

process. What is the ditFerence between endosperm and 
perisperm ? 

80. What is “double fertilisation”? What is its probable signifi- 

cance ? 

81. What is a fruit ? Describe the following fruits Plum, Straw- 

berry, Raspberry, Apple, and Orange. What is the nature 
of the edible portion in each case ? 

82. Write a short account of the structure of the more eommon dry, 

dehiscent fruits, and explain how the seeds arc scattered in 
those examples you select. 

83. Give instances of seeds or fruits which are dispersed (a) through 

the agency of the wind, and {h) through the agency of animals. 
Of what advantage is it to plants that their seeds sliould bo 
thus dispersed ? 

84. Describe and compare the fruits of the Rose, Fig, Blackberry, 

and Mulberry. 

85. Describe examples of explosive fruits, and try to explain the 

mechanism in each case. 

86. Write a short essay on the dispersal of seeds and fruits by 

animals, and specially indicate any adaptive structures in the 
seed or fruit which ensure such dispersal. 

87. Describe the flowers of Larkspur and Monkshood, and compare 

them with a Buttercup flower. 

88. Write an account of tlic floral structure and the methods of 

pollination met with in Crucifene. 

89. Describe the flowers of Mint, Self-heal, and Wood Sago, point- 

ing out in each case how they differ from a Dead-nettle 
flower. 

90. How are all Scrophulariacete distinguished from all Labiatas? 

Mention plants in both families which might at first sight be 
confused. 
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91. In what habitats would you look for Mullein, Ivy-leaved Toad- 

flax, Brooklime, Cow-wheat, Bartsia, Lousewort, Yellow 
Rattle? 

92. Write an account of the “ division of labour ” soon in the flower- 

heads of Daisy and Coltsfoot. 

93. Describe how pollination is effected in various members of the 

order Campanulacea3, and compare it with the method of 
})olliTiation in CompositsB. 

94. Name the orders to wliioh the following plants belong, and 

indicate briefly why you refer them to those orders : — Speed- 
well, Ragged Robin, Lady’s Smock, Lesser Celandine, Tor- 
men til, Self-heal, Cliickweed, Milfoil, Lady’s Mantle. 

9o. Compare the flower of {a) Karly Purple Orchid, [b] Perennial 
Rye-grass, with that of a Lily. 

96. Describe the mechanism of i^ollination in Gorse, Sage, Fig wort, 

and MimtUtis. 

97. Describe the flowers of Poplar and Willow, and indicate the 

significance of the differences observed. 

98. Note any points of interest connected with the following 

plants : — Love-in-a-mist, Candytuft, Cliickweed, Lobelia, 
Red Campion, Ground Ivy, Meadow Sweet, Lady’s Mantle, 
Cornflower, Daffodil. 


(C) CHAPTERS XIV. -X VIII. 

99. Give a general sketch of the life-history of a fern from the 

B 'nation of the spore to the formation of the fertile 

. 

100. Describe the general structure of the frond of a fern, and state 
in what respects it differs from the leaf of a flowering plant. 

101. Give an account of the structure and function of the pro- 
thallium of a fern. 

102. Indicate the more important structural differences lictween the 
sporophy terfind gametophyte generations in the Fern. How 
would yon 'account for these difterences ? 

103. What is meant by an “alternation of generations ” in the life- 
history of a plant ? Illustrate your answer by reference to 
the life-history of a fern. 

104. Indicate the more important differences between the Fern and 
Selagindla with resjiect to (1) the leaves, (2) the numW, 
position, and development of the sporangia, (3) the develop- 
ment of the embryo. 

105. Give an account of the structure and development of roots in 
Ferns, and mention important differences os compared with 
the roots of Angiosperms. 
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106. ’In what important rcspeots does the life-history of a Vascular 

Cryptogam (a) resemble, (h) differ from, that of a Flowering 
Plant ? What is the significance of these resemblances and 
differences ? 

107. Give a comparative account of the “nursing” of the embryo 

{i,e, the way in which it is nourished) in Vascular Cryp- 
togams and Powering Plants. 

108. Give a comparative account of the development of Sporangia 

and spores in the Fern, Equisetumy and Selagindla, 

109. Compare the vascular system in the stem of the Male Shield 

Fern with that of the stem of the Sunflower. 

1 10. Compare the development of the ovule in the Angiosperm with 

that of the megasporangium in Sdaginella, 

111. Point out clearly the resemblances and differences between 

Selaginella and an Angiospenn as regards {a) the ganieto- 
phyte generation, (6) the process of fertilisation, (c) the 
nursing of the embryo. How would you explain these 
resemblances and difierences ? 

112. Describe in detail the structure of the stem in Pimta after 

three years’ growth in thickness. Explain how the growth 
in thickness takes place. 

113. Describe the structure of the mature ovule of a Conifer and 

point out the differences between it and the mature ovule of 
an Angiosperm. 

114. What is a gametophyte ? Give an account of the gametophyte 

of Pium, 

115. State clearly on what grounds the conclusion is based that the 

pollen-grain of Pinus is a microspore, and the embryo-sac a 
megaspore. 

1 16. What are the resemblances and what the differences between 

the floral organs of an Angiosperm and those of Pinua ? 

117. Compare the processes of pollination and fertilisation in Cycaa, 

Ptnua, and an Angiosperm. 

118. In what respects do the vegetative organs and flowers of Taxua 

differ from those of Pintia ? 

119. Describe the general external characters of a Cycad, and state 

the more important resemblances to the Fern. 

120. What is a seed ? Indicate in what respects a seed (a) resembles, 

(b) differs from, a spore. Why is a seed not formed in 
Selaginella ? 

121. What is a flower? What corresponds morphologically to a 

flower in Vascular Cryptogams ? 

122. Eimlain what is meant by Heredity, Variation, Natural 

Selection, Evolution. 
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123. How would you account for the inriunierablo adaptations to 

environment exhibited by plants ? 

124. What is the probable significance of the following features in 

the life-history of an Angios 2 >erni : — (a) Antipodal Cells, (f>) 
“ Triide-fusion ” or “ Double Fertilisation,” (c) Pollination ? 

125. What views are hold with regard to the relationship between 

Flowering Plants and Fenis ? 

126. For what different purposes do you consider that a plant 

reejuires to be supplied with water ? How are some plants 
able to withstand long-continued drought uninjured ? Give 
instances of such plants. 

127. The Island of Singapore produces more than 2,000 native 

species of flowering jilarits ; the Isle of Wight (about equal 
in area) some 800 ; an equal area in the Egyptian Desert less 
than 200. To what causes would you ascribe these striking 
differences ? 

128. Name several different species of plants that you have found 

at the seaside and not inland. State exactly where and how 
each was growing, and mention any characters possessed by 
each that you think fitted it to its particular circumstances. 

129. Enumerate the more common i)lants that you have found 

growing in a marsh. 

130. Write a list of any plants which you have found growing with 

their leaves submerged in water. How do such plants 
obtain the gases which they require for respiration and 
photosynthesis ? Describe the surface structure of a leaf 
(a) in a land-plant, (6) in a water-plant. 

131. Give an account of the vegetation of sand-dunes in any region 

you may select, and point out the special adaptations 
exhibited by the x^lants to their surroundings. 

132. Write an account of the vegetation you might expect to find 

growing on a swampy moor, and indicate any points in which 
the plants appear to bo structurally adapted to such an envi- 
ronment. 

133. Give a short Recount of the characters of Alpine Plants. 

134. Give a short account of the conditions of growth and the nature 

of the vegetation in woods. 

(D) CHAPTERS XIX. -XXI. 

135. Give an account of the structure and life-history of Peliia. 

State the more important differences presented in the life- 
history of Funaria. 

136. State clearly the grounds on which the conclusion is based that 

the Moss-plant corresponds to the prothallus of the Fern, 
and the sporogonium to the Fern-plant. 
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137. How would you account for the absence of a highly differen- 

tiated vascular system', and of stomatii in tlie gametophyte 
generation of x>lants. 

138. Wliat views are held with regard to the or^in of the sporo- 

l)hy te generation ? 

139. Describe and conix)arc the structure of the tliallus as found in 

Vauchenat Spirof/yra, Oedoyonium, and Fucus. 

140. Olive an account of the structure and life-history of Vancheria, 

and indicate the more important resemblances and differ- 
ences presented in the structure and life-history of Pythium. 
How would you account for these resemblances and differ- 
ences ? 

141. Clive a full account of the differences which exist between an 

Alga and a Fungus with regard to the mode of their nutrition. 

142. Give a comparative account of sexual rejiroduction as found in 

Chlamydomotm^y Sinroyyra^ FueitSy PelHay and an Angio- 
sperm. 

143. What are gonidia? In what jdants are they found? In what re- 

spects do they differ from the asexual sj^ores of Fern or Moss? 

144. Describe the normal vegetative condition of Chlaniydomonan, 

and compare it with that of Pleurococcus, What signifi- 
cance has been attached to the differences observed in the 
life-histories of these Algie? 

145. Compare and contrast Fw'otmm and Sptroyyra as regards their 

nutrition and reproduction. 

146. Describe the structure and life-history of the Yeast Plant. 

Mention the points in which this x>lant resembles and differs 
from Earotimn or Pmicillium. 

147. Describe and contrast the development of asexual reproductive 

cells in Oedogonmmy Vaucheriay Pythiuniy Eurotiumy Agari- 
cu8y and Funaria, 

148. What is fermentation? What is its probable significance in 

relation to the normal metabolic processes ? Give an account 
of a typical example. 

149. Is it possible to grow a Mould and Flowering Plant in artifici- 

ally prepared aqueous solutions ? State what should be the 
ingredients of such solutions, and explain in what important 
respect they must differ in the two oases. 

150. Name and illustrate by reference to particular types the 

various modes of reproduction found in plants. 

151. What can you say with regard to (a) the evolution of sexuality 

in plants, (b) the differentiation of sex ? 

152. What is a parasite ? Give examples. How is a parasite dis- 

tinguished from (a) an epiphyte, (6) a saprophyte? Give 
examples of epiphytes and saprophytes. 



APPENDIX. 

I. General Advice to the Student. 

§ 1. Reading, — The necessity of careful reading cannot 
be too strongly insisted on. The student should be ever on 
his guard against the tendency to rapid reading and hasty 
assimilation. Before passing from one part of the subject 
to another he should make sure, as far as he can, that he 
has understood what he has read. A habit of skipping 
difficulties is easily acquired and not easily overcome. Of 
course there may be many cases where even the most dili- 
gent application will fail to clear up difficult points, and 
where persistence in wrestling with them only results in a 
waste of time. In such cases the student should for future 
reference make a note of the points he has failed to master. 
It may be that a wider knowledge of the subject will make 
them clear. 

Special reference may here be made to the first two 
chapters of the present text-book. These chapters deal 
with general facts and principles, and it is not expected 
that, at the first reading, the student will acquire a perfect 
knowledge of their contents. They may be used for pur- 
poses of reference, and should be very carefully revised at 
a later stage. 7 

However careful the reading be, it is perfectly useless 
unless accompanied by diligent practical work. This will 
be specially dealt with in Sections II. and III. of the 
Appendix. 

§ 2. Sketches and Drawings. — ^In connection with the 
practical work the student should, besides keeping a record 
of his experiments and observations, make clear, outline 
pencil-drawings of the specimens examined or the sections 

676 
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cut. The making of sketches gives precision to the work 
besides helping the memory ; it impresses on the student’s 
mind not only the more important points, but also many 
details which might otherwise be overlooked* It is advis- 
able that the sketches should be drawn, wherever possible, 
to some definite scale. 

§ 3. Test Questions. — Merely verbal knowledge should 
be avoided, i.e. knowledge which can be reproduced by the 
student only in words and sentences more or less nearly 
resembling those which he has read. Ho should be able 
to express his knowledge in words of his own. This 
faculty is one test of real knowledge, and will prove in- 
valuable when the student has to deal with general ques- 
tions — ^that is to say, questions which are framed with a 
view to testing general knowledge, and which are not as 
a rule specially dealt vdth in text-books. 

Such, for example, are questions dealing with the com- 
parison of certain types or structures. To answer these 
satisfactorily the student must be able to set down along- 
side of each other all the important resemblances or difEer- 
ences exhibited. It is in such general questions, as a rule, 
that the student who is a mere echo of a text-book comes 
to grief. 

The moral of all this is that the student should be con- 
stantly testing his knowledge by trying to write dovm what 
he knows on various parts of the subject. For this pur- 
pose he should make use of the test questions given on 
p. 666. Wherever it is possible he should make a point of 
mustrating his answers % outline drawings. 

§ 4. Botanical Terms — Greek and Batin Boots. — 

Many botanical terms have departed so far from their 
original meanings, as implied in their etymology, that the 
student must get to know them in the same way as he 
would get to know the words in learning a new language. 
Frequently, however, a knowledge of the derivation of 
botanical terms is really helpful ; for this reason we give 
here a table of Q^reek and Latin roots which may be of 
service to the student : — 


BOT. 


37 
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a-, without (apetalous) ; aoro-, mmmit (acropetal) ; actino-, 
rayed (actinomorphic) ; adelplios, brother (muiiadelphouB) ; amphi’, 
both (amphibioi^s) ; ana-, up (anabolism) ; andr-, of man or made 
(androeciuni) ; anemos, ii'md (anemophily) ; angios, a (angio- 
sperm); anti-, opposite (antipctalous) ; apo-, away /rom (apo- 
carpous) ; bio-, life (biology) ; blema, covering (epiblema) ; bolos, 
a throwing ; carp, fi-iiit (epicarp) ; cata, down (catabolism) ; 
oblamys, a cloak (archiehlaniydem) ; cbloro-, green (chlorophyll) ; 
cbromo-, colour (cliromoplast) ; cleisto-, closed (cleistogamous) ; 
cyto-, cell (cytoplasm) ; derma, skin (epidermis) ; di-, twice (dicoty- 
ledon) ; dich.-, apart (dichotomous) ; dynamis, strength (tetra- 
dynamous) ; endo-, within (cndocai-p) ; epi-, ow (epidermis) ; ergon-, 
work (energy) ; gamos, marriage (polygamy) ; ge, earth (geotrop- 
ism) ; -gen, producing (endogenous, oxygen) ; gyn-, of woman or 
female (gyna3ceum) ; belios, sun (heliotropism) ; beteros, different 
(heterogamous) ; bistos, web^ tissue (histology) ; bomos, same (homo- 
logy) ; bypo-, tinder (bypodermis) ; logos, science (physiology) ; 
mega-, large (megaspore) ; meros, part (mericarp) ; meso-, middle 
(mesocarp) ; micro-, little (mierospore) ; mono-, single (mona- 
delphous ; morpbe, form (morphology) ; -oecium (oikos), hmise 
(androeciuni) ; -oid, like (bacteroid) ; oon, an egg ; ortbos, straight 
(orthostichies) ; peri-, around (pericycle) ; -pbile, loving (hydro- 
philous) ; pbobe, hating (photophobic) ; -pbore, carrying (carpo- 
phore) ; pbyll, leaf (mesophyll) ; pb3rte, plant (spermaphyta) ; 
plasma, anything formed (protoplasm) ; pod, foot (monopodia!) ; 
poly, many (polypetalous) ; protos, first (protoplasm) ; pseudo, 
false (pseudocarp) ; rbiza, a root (rhizoid) ; sapros, putrid (sapro- 
pliyte) ; scbizo, split (schizoca^) ; soleros, hard (sclerenchyma) ; 
sperma, seed (endosperm) ; sticbos, a row (orthostichies) ; syn-, 
together with (syncarpous) ; tetra, four (tetradynamous) ; tbec, a 
case (theca) ; tropos, direction (heliotropism) ; xero-, dry (xero- 
philous) ; zygon, a yoke (zygomorphio) ; xylon, wood (xylem). 

LATIN. 

ad, to (adhesf&n) ; albus, white (alburnum) ; amplexus, embraced 
(amplexicaul) ; arena, sand (arenaceous) ; argilla, day (argil- 
laceous) ; auricnlus, little ear (auriculate) ; axilla, armpit (axil, 
axillary) ; bacillum, little staff (bacillus) ; bi-, twice (bifid, bipin- 
nate); bulbus, omon (bulb); caducus,/aZ^e7» (caducous); capillus, 
hair (capillary) ; capitulum, little head ; capsula, little box (cap- 
sule) ; career, prison (carcerulus) ; earn-, flesh (carnivorous) ; 
caruncula, small piece of (caruncle) ; caulis, (caulicle); 
com- (cum), with (compound, collateral); corona, crovm\ corolla, 
little crwjtm ; corymbus, bunch of flowers (corymb) ; cutis, shin 
(cuticle) ; decurro, to run down (decurrent) ; decusso, to divide 
crosswise (decussate) ; debisco, to open (dehiscent) ; duramen, 
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hcMrdneaa ; equito, to ride on horBehack (equitant) ; ez, withovJb 
(exalbuminous) ; -fid, deft (pinnatifid) ; fistula, pipe (fistular) ; 
fbBkQCi'SLXM, withered (flaccid); fLon, flower (floral); folia, /eo/ (foli- 
age) ; folliculus, little hag (follicle) ; fugo, to flee (fugaceous) ; 
glaber, smooth (glabrous) ; glaucus, hluish grey (glaucous) ; hasta, 
apear (hastate) ; haustus, drawing np water (haustorium) ; his- 
pidus, bristly (hispid) ; humus, soil (humus) ; imbrex, -icis, a 
roof tile (imbricate) ; impar, umqvxil (iniparip innate) ; inter, 
between (intercellular) ; involucrum, cover (involucre) ; labium, 
lip (labiate) ; lignum, wood (lignified) ; ligula, strap (ligiilate) ; 
loouliu, little place (trilocular) ; nectar, honey ; nodus, hiot 
(node) ; nuto, to nod (nutation) ; nuz, nut (nucellus) ; ovum, egg 
(ovule) ; papilio, butterfly (papilionaceous) ; par, eqiud (paripin- 
nate) ; paries, wall (parietal) ; pelta, shield (peltate) ; persona, 
rmak (personate); peto, to seek (aoropetal); pinna, wing (pinnate) ; 
pluma, feather (plumule) ; pulvinus, cushion ; pyzis, box (pyxi- 
dium) ; raoemus, bunch of grapes (raceme) ; radix, root (radicle) ; 
renes, kidney (reniform) ; rota, wheel (rotate) ; sag^tta, arrow 
(sagittate) ; sectus, cvA (pinnatisect) ; serra, saw (serrate) ; sili- 
qua, pod or shell ; subula, aiol (subulate) ; umbella, parasol 
(umbel) ; uroeolus, little pitcher (urceolate) ; vas, vessel (vascular) ; 
versatilis, revolving (versatile) ; verticillus, whirl of a spindle 
(verticillate). 

§ 5. Supplementary Readixig. — To such students as 
may be desirous of further extending tlieir botanical 
studies the following books are recommended : — * 

Willis’ Flowering Plants and Ferns (Cambridge Natural 
Science Manuals, 10s. 6d.) ; Strasburger’s Text-hook of 
Botany (Macmillan, 18s.) ; Campbell’s Mosses and Ferns 
(Macmillan, 18s.) ; West’s British Freshwater Alga (Cam- 
bridge University Press, 10s. 6d.) ; Scott’s Studies in 
Fossil Botany (Black, 10s. 6d.) ; Bentham and Hooker’s 
British Flora. 

n. Notes on Peactical Work. 

§ 6. Examination of Plants. — ^The student should 
devote a considerable amount of time to the study of com- 
plete plants, and the examination of special parts. He 
should carefully notice the different kinds of roots and 
stems, and accustom himself to the use of the various 
terms explained in the text. Bulbs, tubers, corms, rhizomes, 
suckers, etc., should be studied, and their special features 
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recognised. The morphological value of spines or thorns, 
tendrils, and other specialised structures, wherever speci- 
mens present themselves, should be clearly made out. 
The form, aiTangement, and venation of leaves; branching ; 
the position of buds, stipules, bracts, etc. ; the forms, etc., 
of corolla, androecium, and gynseceum ; the seed and fruit, 
etc. ; — all these should be subjected to careful examination. 

In the examination of minute or crowded parts, as, for 
example, in the case of many flowers, it will be found not 
only convenient, but necessary, to use a small hand-lens. 
A very convenient folding form, with three glasses, can be 
obtained from any dealer. For finer work, a simple dis- 
secting stage, with lenses, can now he obtained for a few 
shillings. 

§ 7. Physiology. — A practical knowledge of the nu- 
trition and growth of plants is essential. The student, 
therefore, should carry out as many of the simple experi- 
ments described in Chapters VII. and VIII. as he can, and 
devise others for himself. These chapters should bo 
studied concurrently with Chapters III.- VI. 

§ 8. Microscopic Work. — We cannot give here full 
detailed directions serving to initiate the beginner in the 
mysteries of section-cutting, etc. For the student working 
alone a practical text-book is necessary. 

We shall confine ourselves here to a few notes on funda- 
mental details. 

§ 9. Apparatas.^ — The following are necessary : — 

(а) A good microscope with lenses ^ and | inch focal 
distance. 

(б) Two good razors, slightly hollow-ground. 

(c) Glass slides, 3" X 1" ; cover-glasses, diam. or sq. 

(d) Small forceps, dissecting needles, and scalpels. 

(e) A few deep watch-glasses; smaU brushes; a clean 
piece of soft linen. 

(/) Pickle jars, methylated spirit, formalin (see § 12). 

(g) Small bottles (with dipping rods) containing iodine 
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solution, aniline sulphate (or chloride), Schulze’s solution, 
glycerine, etc. 

A really serviceable microscope for all ordinary work is 
Leitz’s Student’s Microscope, with eye-pieces 1 and 3, and 
objectives 3 and 7. 

Information with regard to reagents will be found in 
the practical text-book. 

§ 10. Catting and Uounting Sections. — ^At first the 
student should content himself with sections simply 
stained with iodine or aniline sulphate and mounted in 
glycerine. Only if time permits, and after considerable 
experience in this method, should he attempt more 
elaborate methods of staining and mounting. 

In taking a section, the tissue to be cut should bo held 
between the thumb and fingers of the left hand ; the razor 
in the right hand. The tips of the four right fingers 
should rest on the back of the razor, and the thumb in 
front, just behind the cutting edge. The cutting edge is 
therefore directed inwards, towards the operator. The 
arms should be brought close up to the body. Tissue and 
razor should both be wet with alcohol. The blade of the 
razor may rest gently on the forefinger of the left hand 
with the edge against the tissue. Then the razor should 
be drawn through the tissue with a sliding movement. 
With practice, extremely thin sections may be cut. 

The sections should be removed from the razor by 
means of a brush, and placed in a watch-glass containing 
alcohol or water. Several may then be transferred to 
a slide and examined in water under the low power, so 
that the best may be selected. By means of the linen 
cloth the excess of water may be removed, and iodine or 
other reagent added according to the special points which 
the student wishes to determine. The reagent should 
then be washed ofE with water, the excess of water re- 
moved, a drop of glycerine added, and finally the cover- 
glass put on. 

The section should always be mounted in the centre of 
the slide. The cover-glass should be rested on its edge 
and let down gradually by means of a needle. The section 



582 


APPENDIX. 


must not he allotved to get dry during the process, or air- 
bubbles will make their appearance. If these do appear, 
soaking the section for some time in alcohol will remove 
them. The cover-glass must be perfectly clean, and the 
upper surface dry. 

Neatness and cleanliness are of great importance in 
practical work. At first the student will find that his 
sections are rather thick, and often obliquely cut. These 
are difiiculties which can be got over only by care and 
practice. He should not attempt to draw a bad section. 

Very slender or delicate tissues should be cut by em- 
bedding in pith or carrot. More elaborate methods may 
be passed over in early stages of practical work. If carrot 
be used, a piece 1" X X will be found convenient. 

§ 11. Reagents. — The effects produced on cell- walls 
and cell-contents by iodine solution, aniline sulphate, 
Schulze’s solution, etc., should be studied. The tests for 
starch, proteid, cellulose, cork, mineral crystals, are im- 
portant. 

§ 12. Material. — Fresh material may and sometimes 
must be used. In many cases, however, it is better and 
more convenient to use “ pickled ” material. The pickling 
fluid used for ordinary work is ordinary methylated spirit. 
Stems, roots, leaves, etc., preserved in this way in glass 
jars are always ready for use. Delicate plants or parts of 
plants (flowers, etc.) may be preserved in four to six per 
cent, solution of formalin (formic aldehyde) ; formalin as 
sold is a fort/ per cent, solution. This method has the 
advantage of preserving colours. Types such as Vaucheria, 
Spirogyra, CEdogonium, Eurotium, Yeast, must be exam- 
ined in the living state. 

The student is advised to obtain material himself, as 
far as possible. With the Angiosperm, PinuSy Fern, and 
Agaricus there is no difficulty. Pellia, Funaria, (Edo- 
goniuMy Spirogyray and Vaucheria are also easily found. 
Fem-prothalli can usually be obtained in abundance on 
the damp walls or on the soil of flower-pots in fem- 
houses. Directions for obtaining Pythium, Eu/rotiwn, 
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etc., are given in our descriptions of these types. Yeast 
may be obtained from a baker. If desired, all the 
necessary material can be obtained from Dr. Cavers, 
Hartley University College, Southampton, 'w1:io will forward 
catalogues and price-lists of specimens, slides, etc., post 
free, on application. 

§ 13. Practical Work on Angriosperms. — As the 

student may be in some doubt as to the practical work 
which should be undertaken in connection with the Angio- 
sperm, the following list may be of service. 

Stems : — Transverse and longitudinal sections of such Dicotyledon 
stems as Sunflower, Groundsel, White Bryony, Clematis^ Elder, 
Elm, Lime, and such Monocotyledon stems as Ai<yara<jiis^ Butcher’s 
Broom, Black Bryony, Maize. The list might he extended in- 
definitely. For comparison sections of aquatic stems should also 
be cut, c.<7. Mare’s-tail {Hippuris)^ Brookliino ( Veronica Beccahwiffa), 
and Myriophyllum, The beginning of secondary growth in Dicoty- 
ledons should be studied, e,g, in Groundsel. 

Bvds: — Longitudinal sections, e,g, of the Lilac. Try to make 
out the meristematio regions. 

Roots : — Transverse sections of such roots as Leek, Maize, Iris, 
primary roots of Bean or Castor-oil seedlings, Sunflower, Elm, 
Willow, etc. The apical nieristem can be studied in median longi- 
tudinal sections of the radicles in Maize, Almond, Sunflower, and 
Castor-oil seeds. The fibrous or tuberous roots of the Lesser Celan- 
dine (p. 296) are excellent for showing primary dicotyledonous 
structure, as there is no secondary growth. 

Leaf: — Sections of petiole and lamina, e.r/. Beech, Sunflower, 
Horse Chestnut, Privet, Lily, Iris ; strip off part of epidermis to 
see stomata, etc. 

Flower : — Sections of ovaries and anthers. The structure of the 
ovary, the placentation, the form and structure of the ovules, should 
be recognised. The form and structure of the ovule can usually 
be readily made out in sections of ovaries, or, if the ovules are 
small, by examining entire after treatment with dilute potash 
solution. 

Seeds: — In examining a seed the student should determine by 
means of sections and staining --(a) Dicotyledonous or Monocotyle- 
donous, {b) albuminous or exalbuminous, (c) the nature of the 
food-material. 

Contents of cells and cell-walls : — These should be very carefully 
studied in connection with the above. To see such bodies as 
oystoliths and raphides the student should try to obtain the material 
mentioned in the text-book. 
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III. Dbscbiptivb Botany. 

§ 14. Description of Plants. — The art of describing 
plants consists simply in being able to make use of the 
proper terms in a neat, orderly way. An elaborate de- 
scription is not expected of the elementary student. The 
following scheme simply indicates the order on which such 
a description should proceed ; it is not to bo regarded as a 
form for plant-description, to be rigidly adhered to in all 
cases. 

Boot: tap or adventitious? branched or unbranched? 
the special form — tuberous, fleshy, flbrous, etc.? 
annual, biennial, or perennial ? 

Stem : kind of stem — Le. is it erect, prostrate, or climb- 
ing, a rhizome, corm, or bulb, etc. ? herbaceous or 
woody ? cylindrical, angular, or compressed P hairy 
or glabrous ? branched or unbranched (the branch- 
ing may be described) ? If herbaceous, is it solid, 
hollow (fistular), or jointed? If climbing, how 
does it climb ? Does it bear cladodes, tubers, 
spines, etc. ? 

Leafs deciduous or evergreen? radical, cauline, or 
ramal? alternate, opposite (superposed or decus- 
sate), or verticillate ? petiolate or sessile ? stipulate 
or exstipulate (the stipules may be described) ? 
sheathing, connate, perfoliate, ligulate, etc. ? simple 
or compound ? 

If simple, outline of lamina (i,e, linear, oval, etc., 
or pinnawfid, palmatifid, etc. — if incised, the out- 
line of the lol^s, partitions, or segments may be 
indicated) ? venation ? margin ? apex ? surface 
(glaucous, hairy, etc.) ? 

If compound, pinnate or palmate ? paripinnate or 
imparipinnate ? number and arrangement of leaflets ? 
Leaflets — sessile or stalked? outline? venation? 
margin? apex? surface? 

Inflorescence: definite, indefinite, or mixed? kind of 
inflorescence P 
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Flowers i sessile or pedicellate ? bracteate or ebracteate 
(if bracteate, the bracts may be described) ? com- 
plete or incomplete ? hermaphrodite or unisexual ? 
actinomorphic, zygomorphic, or asymmetrical ? cyclic, 
hemicyclic, or spiral ? heterostylic ? any other general 
character ? 

If there are two kinds of flowers, after giving 
common characters as above, describe separately. 

Cal3rx: poly- or gamo-sepalous ? green or petaloid? if 
polysepalous, the number, outline, and apex of the 
sepals V if gamosepalous, the special form or nature 
of the incision ? inferior or superior ? testivation ? 

Corolla: regular or irregular? if irregular, zygomor- 
phic or asymmetrical? poly- or gamo-petalous ? 
if polypetalous, number and outline of petals, or 
any special terms ? if gamopetalous, specif form or 
incision? corona or other special features? hypo- 
gynous, perigynous, or epigynous ? mstivation ? 

Forianth: described similarly, except that the terms 
poly- or gamo-phyllous must be used. 

Androcium : number of stamens ? or indefinite ? poly- 
androus, syngenesious, or adelphous ? epipetalous, 
epiphyllous, hypo-, peri-, or epi-gynous? special 
characters? filament? fixation of anther? dehiscence? 

G3rn8BceTixii : mono- or poly-carpellary ? if the latter, 
apo- or syn-carpous ? Ovary — ^unilocular or multi- 

locular? superior or inferior ? Ovules — number? or 
indefinite? form? Placentation? Style? Stigma? 

Seed : albuminous or exalbuminous ? 

Fruit : kind of fruit ? 

Nectaries may be described in connection with corolla, 
stamens, or pistil, as seems convenient. 

§15. Bzamples. — The following descriptions of well- 
known plants will serve as examples : — 

(1) Boot; a fibrous branched tap-root ; perennial. 

Stem: erect; branched; angular; herbaceous above, woody 
below ; slightly hairy ; perennial. 

Leaves : herb^eous ; cauline ; shortly petiolate ; exstipulate ; 
simple; lanceolate; unicostate; reticulate; acute; entire; 
slightly hairy. 
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Inflorescence: indefinite — terminal and lateral, more or less 
corymbose racemes. 

Flowers : pedicellate ; ebracteate ; isobilateral ; hermaphrodite. 

Calyx : polysepalous ; four lanceolate, petaloid sepals in two 
series, the xwo inner (lateral) sepals slightly pouched (sac- 
cate) ; inferior. 

Corolla; regular, polypetalous, cruciform, consisting of four 
unguiculate petals ; limb obovate ; hypogynous ; imbricate. 

Androacium : six stamens in two series ; tetradynamous ; two 
short lateral stamens ; two pairs, anterior and posterior, of 
long stamens ; hypogynous ; anthera innate, introrse, with 
longitudinal dehiscence. Nectaries^ having the form of green, 
rounded discs, are present at the base of the lateral stamens. 

Gynsscemn ; bicarpellary, syncarpous ; ovary bilocular, owing 
to a false septum developed between the placentas, superior ; 
omdea ex, campylotropous, on two parietal placentas; style 
short ; atignia two-lobed. 

Seed: exalbum inous. Fruit: an elongated, linear, slightly 
flattened siliqua. 

(2) * Boots : adventitious, flhrous, and stout, yellowish. 

Stem: woody, perennial, underground, covered with brown 
scales, and throwing out long slender runners which root at 
the nodes. 

Leavee : radical, with long hairy petioles and membranous, lan- 
ceolate, petiolar stipules ; compound, temate ; leaflets nearly 
sessile, roundish oblong, with unicostate reticulate venation 
and serrate margin. 

Inflorescence: panicled, more or less corymbose, cymes borne 
on erect slender scapes. 

Flowers: pedicellate, with membranous bifld bracts; actino- 
morphic ; complete ; hermaphrodite ; protogynous. 

Calyx ; gamosepalous, with five membranous, triangular, acumi- 
nate segments ; green, persistent, inferior ; an epicalyx is 
present consisting of five oblong segments alternating with 
those of the calyx proper. 

Corolla: regular, polypetalous, rosaceous, consisting of five 
white rounds petals inserted perigynously. 

Androecium: pblyandrous; stamens oc, persistent, perigynous ; 
JUamerUa short and stiff ; anthers oval, more or less cordate, 
dehiscing at the edges. 

Gynssceum : polycarpellaiy, apocarpous ; carpels indefinite, and 
borne on a protuberance of the thalamus, with filiform styles 
and simple stigmas ; ovnles solitary, ascending. 

Seed : exalbuminous, dicotyledonous. Fruit : a pseudocarp con- 
sisting of an etaerio of achenes borne on a succulent thalamus. 


Adapted from Lindley’s Descriptive Botany, 
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A bsciss layer, 152 

Absorbed Bolutions, Gouise <if, 
Absorption bands, 178 
„ , Selective, 1C4 

Ahutilon^ 259, 642 
Acacia, 147, 302, 804 
Accessoiy buds, 80 
Acliene, 275 
Achenial fruits, 275 
Achillea, 324 
Achlaniydeous, 222 
Acmitum, 207 
Acorn, 524 

Acropetal succession, 12 
Actcea, 207 
Actinomorphic, 224 

Adaptation to aerial conditions, 400, 
458, 490 

„ to environment, 9, 17, 147, 

150, 214, 245, 403, 404, 

406, 412, 482, 507 
Adaptive characters, 404, 412, 420 
Adelphous condition, 235 
Adhesion, 244 
Adonis, 296, 297 
Adoxa, 437, 563 
Adoxocesa, 564 
Adventitious buds, 80 

,, eiubiyos, 271 

„ roots, 86, 115 

Aerial roots, 329 
Aerobic bacteria, 516 
„ respiration, 510 
Aerophytes, 418 
Aestivation, 145, 232 
Aethusa, 811 
Agapanthus, 825, 826 
Agaricus, 4, 511 
Agave, 827 

Aggregate fruits, 274, 275, 282 
Agrimonia, 807 
Agrimony, 286, 806, 807, 487 
Agropyrum, 885 
AgrostU, 885 
Axr-bladders, 482 
Air*8paoes, 216, 424 


Ajuga, 318 
Alae, 231 
Albumen, 68 

Albuminous cells, 377, 379 
„ seed, 68, 75, 272 
Alburnum, 107 
Alchemilta, 307, 435 

Alcoholic fermentation, 403, 502, 510, 
516 

Alder, 132, 286, 520, 522 
Aleurone grains, 39, 40, 186, 187 
„ layer, 70 
Algee, 4, 462 

„ and higher plants, 487 
Alisma, 270, 427 
Alkaloids, 34, 87, 187 
All-good, 534 
Allium, 826 
Allogamy, 257 
Almond, 2S1, 307 
Alnus (see Alder), 520 
Aloe, 273, 327 
Alopecurue, 385 

Alpine plants, 217, 415, 416, 485, 550 
Alsinoidem, 298, 299 
Alternate leaves, 135 
Alternation of generations, 854, 355, 401, 
457, 463, 464, 490 
„ of parts, 197 
Allhtea, 542 
Alyssum, 301 
AraaryllidacesB, 292, 326 
Amaryllis, 327 
Amentacesa, 527 
Amentum, 250 
American water-weed, 174 
Amides, 84, 87, 179, 180, 181 
Avvmophila, 835 
Amphibious plants, 425 
Amphithecium, 447, 456 
Amygdalin, 84 
Amylopeotin, 89 
Amyloplast, 82 
Anabolism, 14, 188, 191 
Anaerobic bacteria, 516 

„ respiration, 184, 511 


687 
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AnagMU^ 654 
Analogous members, 18, 450 
Analogy, 17, 18, 404 
Anatomy, 2 

Ancestral cliaraoters, 404, 412 
Androecium, 219, 233 * 
Androgonitbingio, 480 
Aiidrogonidia, 480 
Andromeda^ 435, 552 
Androsporangia, 480 
Androspores, 480 
AnemonCy 294, 296 
Anemophilous, 258, 259 
Angiosperm and O^unosperm, 382, 300, 
409 

Angiospeniis, 5, 238, 372 

„ , Classification of, 289, 291 

„ , Embiyo of, 63-76 

,, , Evolution in, 408 

„ , Gametophyte of, 390 

„ , Homologies in, 396 

,, , Leaf of, 131 

„ , Life-bistoiy of, 266 

„ , Reproduction of, 256, 257 

„ , Root of, 115-130 

„ , Seed of, 63-76 

,, , Sporangia and s|)ores of, 

396 

„ , Sporopbyte of, 396 

„ , Stem of, 77-114 

Angle of divergence, 136 
Aniline sulphate, 30 
Animal and Plant, 13, 15 
Annual rings, 86, 106, 105 
Annmils, 82, 420 
Annular thickening, 26 
Annulus, 345, 347, 455 
Antennaria, 323 
Antkemu, 314 
Anther, 233, 236 
Antheridial cell, 385, 888 
Antheridiiini, 349, 366, 441, 443, 450, 

452, 475, 479, 485 

„ , Development of, 350, 443, 

453, 476 

Antherozoid, 350 
Anthoxanthum, 335 
AnthriscuSy 311 
AnihyllUy 304 
Antipetaloiis, 553 
Antipodal cells, 243, 399 
Antirrhinumy 817 

Antithetic theoiy of alternation, 463 
Apetalm, 291 
Apheliotropism, 206 
Apical cell, 342, 451 

„ meristem, 46, 96, 112, 119, 377 
Apiunty 811 
Aplanogametes, 472 
Apocarimus, 225, 238, 410 
Apogamy, 271, 856, 507 
Apophysis, 882, 464 
Apospoiy, 856, 460 


Apostrophe, 204 

Appendages (jtet Outgrowths), 9, 284, 
551 

Apple, 308 

Api)osition theoiy, 29 
Apricot, 280, 307 
Aquilegitty 297 
Arahia, 301, 485 
Ai^utuBy 552 

Archegonial chamber, 894 
Archegoniatss, 458 

Archegonium, 849, 350, 865, 441, 448, 
450 

„ , Development of, 851, 

365, 887, 445, 458 

Archesporium, 847, 857, 363, 883, ."84, 
397, 398, 447, 466 
Archicarp, 499 

Archichlamydeae, 291, 292, 410, 520 
Arctic plants, 486 
ArctiuTHy 323 
ArctoataphyloSy 652 
Arenariay 299, 435 

Aril, 67, 273, 285, 286, 287, 892, 541, 547 

Arista, 333 

Armeritty 432 

Arrowgiass, 427, 434 

Arrowhead, 425, 426, 427 

Artemiaiay 322, 323 

“Artillery Plant,” 529 

ArtocaipuBy 52d 

Arumy 41, 240, 437 

Anmdo, 335 

Ascocari), 501, 507 

Ascomycetes, 489, 501, 507 

Ascosih)!^, 501, 503, 606, 509 

Ascus, 501, 506, 509 

Asexual reproduction, 355, 462, 463, 
466, 474, 478, 491, 495, 498 
Ash, 72, 276, 285, 654 
Ash of plants, 155, 554, 555 
As^jaragin, 87, 179 
Aaparagusy 91, 111, 826 
A8X)eu, 293 
Asphodel, 326 
Aapidiatray 326 
Aspidium (sue Fern), 837 
Assimilation, 13, 155, 198 
Aster y 324 
Astmgalusy 804 
Astrantiay 311 
A triplex, 433, 533 
Atropa, 431, 558 
Atropine, 84, 568 
Aubretia, 801 
Autogamy, 267 
Autumn crocus, 664 
„ wood, 106 
Auxanometer, 105 
Avens, 806, 307, 487 
Awn, 833, 689 
Axil of leaf, 78 
Axillary bud, 114 
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AbcUm, 650 
Azjgospore, 478, 493 


B accate fruits, 28i 
Bacillus, 518 
BmUIu* subtiliSf 519 
Bacteria, 4, 159, 164, 515, 517 
Bacteroids, 199, 517 
Ballotat 314 
Balm, 314 
Balsam, 278, 287 
Bamboo, 832 
Banana, 54 
Baneberiy, 297 
Banyan, 529 
Barberry, 147, 211, 262 
Bark, 71, 103, 108, 109, 127, 188 
BarUiat 107, 317 
Basidiomycetes, 489, 511 
Basidiospore, 514 
Basidium, 514 
Bast, 51, 61 
Ba8t-iibi«8, 48, 104 
Bean, Seed of, 66 
BearlMny, 552 
Bedstraw, 428 
Bee Orchid, 332, 431 
Beech, 79, 82, 108, 132, 272, 521, 524 
Beechmast, 526 
Beet, 117, 128, 187, 534 
Bell Heath, 437 
Belladonna, 558 
Bennettitem, 408 
Bent, 335 
Beny, 281 
Beta, 438, 533 
Btiula («ee Birch), 435, 520 
Betulacem, 520, 522 
Bidena^ 286, 323 
Biennials, 83, 420 
Bifacial leaf, 11, 149 
Bifoliar spurs, 374 
Bilateral symmetry, 10 
Bilberry, 198, 428, 429, 552 
Bindweed, 583 
Birch, 108, 285, 620, 522 
Bird Cherry, 806, 807, 436 
Biid’s-foot, 304, 483 

„ -foot Trefoil, 803, 304, 438 
„ -nest, 197, 487, 652 
„ -nest Orchid, 197, 882, 481, 487 
Bitteroress, 801 
Bittersweet, 285, 431, 558 
Black Bryony, 118, 209 
Blackberry, 83, 283, 805, 807 
Bla^thom, 307 

Bladderwort (jtu Utrieularia\ 199, 200, 
425, 426, 480 
Blaebei^ (see Bilberry), 

Bleeding of plants, 166 
Bloom, 57, 215 
Blue-beU, 278, 826, 481, 487 


Bog Asphodel, 285, 480 
„ -bean, 430 
„ -moss, 428, 430 
„ Myrtle, 428, 430 
„ Plants, 426, 427, 429 
Borage, 556 
Boraginacem, 556 
Borago, 556 
Border^ pits, 27, 376 
Botany, 1 

Bracken (see Pteria), 337, 338, 341, 346, 
429, 430 

Bract, 133, 220, 221 
„ -scale, 382 
Bracteule, 221 
Bramble, 283, 436 
Branching, Forms of, 11, 80 
Braasica, 301 
Brazil-nut, 39, 74, 276 
Bread-fruit, 529 
BrizUy 335 
BrorMi8f 335 
Brooklime, 317, 427 
Brookweed, 554 
Broom, 2(50, 287, 303, 804 
Broom-rape, 196 
Brussel sprouts, 301 
Biyony, 90, 103, 113, 209, 211 
Bryophyta, 4, 8, 440 

„ and Pteridophyta, 458 
Buckwheat, 530 
Bud-scales, 30, 132 
Buds, 78, 79, 80, 192, 256 
Bugle, 313 
Bugloss, 556 
Bulb, 88, 132, 327, 433 
Bulbil, 85, 256, 637 
Bulrush, 427 
Bundle-sheath, 50, 62, 93 
Bundles, 61 
Buplmrumj 311 
Bur Marigold, 286, 828, 427 
Burdock, 286, 828 
Bur-reed, 427 
Burs, 286 

Butcher’s Broom, 91, 111, 824, 826 
Butterbur, 322 
Buttercup, 219, 296 
Butterfly-flowers, 263 
Butterwort (see Pinguicula), 199, 480 


C ABBAGE, 801 
Coctacem, 91 
Cactua, 222, 227 
Csesalpinem, 303 
Caffeine, 34 
Cakile, 301 
Calamint, 313 
Calamintha, 818 
CcUeeolaria, 317 
Caldum carbonate, 80, 41, 56 

„ oxalate, 80, 41, 179, 181, 492 
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Callitricht, 101, 175, 425 
Calluna, 552 
Callus, 52, 114 
Calthaf 297 
Calyptra, 446, 456 
Calyptrogen, 120 
Cal^stegia^ 209 
Calyx, 219, 221, 227 

„ -tube, 225, 226, 242, 306 
Oambial cells, 21, 104 
Cambium, 46, 95, 09, 124, 125 
„ -ring, 103, 375 
Campanula^ 278, 285, 318, 319, 320 
Campanulacem, 53, 292, 318, 319 
Campion, 224, 285, 298, 299 
Candytuft, 301 
Cane-sugar, 37, 173, 187, 188 
CannaJbis^ 529 
Canterbury Bell, 320 
Caoutchouc, 54 
Cap-cells, 398 
Capillarity, 171, 417 
Capituliim, 251, 320, 322 
CaprifoliacesB, 561 
Capsellat 268, 301 
Capsular fruits, 276 

Capsule of sporogonium, 441, 447, 454, 
455 

Capsules, 278 
Caraway, 280, 811 

Carbohydrates, 22, 172, 180, 183, 187 

Carbon-assimilation, 13, 172, 175, 184 

Carbonate of lime, 30, 41, 55 

Carcorulus, 279, 280, 312 

Cardamint^ 80, 301 

CarduuSy 323 

Cwnx^ 427, 433, 435 

Carina, 231 

Carlina^ 323 

Carline thistle, 323, 433 

Carnation,* 299 

Carnivorous Plants, 199 

Carotin, 33, 176 

Carpel, 219, 239-241, 383, 896 

Carpinua (aee Hornbeam), 520 

Garpogonium, 500 

Carpophore, 279, 280, 287 

Carrot, 33, 117, 187, 286.-* 

Cairunit 311 
Caruncle, 278 

CaiyophyllaoesB, 241, 278, 292, 297 

Caryopsis, 275, 834 

Ccutanea (see Chestnut), 521 

Castor-oil seed, 39, 67, 187, 273, 280 

Catapliyll, 182 

Catch-fly, 299 

Catkin, 249, 521 

Cat’s-ear, 823 

Caucalia, 311 

Cautlicle, 830 

Cauliflower, 801 

Cauline bundles, 96 

Celandine, 54, 74 


Celery, 811 
Cell, 6, 19, 20 
„ -contents, 81-35, 37 
„ -division, 24, 41, 42, 44, 469, 478 
„ -formation, 41, 42 
„ , Forms of, 25 
„ -fusion, 25, 35 
„ -i)late, 43 
„ -sap, 31, 87, 38 

„ -wall, 12, 13, 19, 22, 25, 26, 27, 29 
• „ , Young, «1, 31 
Cellular plants, 20 
„ structure, 19 
Cellulose, 13, 22, 76, 186, 187, 188 
Censer mechanism, 285 
Centaureat 324 
Centric leaf, 10, 151, 206 
Centrosphere, 24, 43 
“Century Plant” (aee Agave), 827, 421 
Cephalanthera, 332 
Ceratophyllum, 426 
Cereia, 304 
Cereals, 835 
Chalaza, 242, 398 

Chalazogamic fertilisation, 268, 527 
Chalk-glands, 61, 536 
„ Plants, 431 
Chamomile, 824 
Charlock, 801 
Clieiranthua, 301 
Chdidonium, 54 
Chelone, 317 

Chemical processes in soil, 163 
Chemiotaxis, 213, 267, 352 
Chenopodiacese, 533 
C/ienopodium, 533 
Cherry, 55, 280, 307 
„ Ijaurel, 307 
Chervil, 286, 311 
Chestnut, 521, 526 

„ , Horse, 55, 79, 182, 258, 278 

Chickweed, 216, 265, 298, 299 
Chicory, 323 
Chives, 326 

Chlamydomonaa, 4, 465 
Chlor-zinc-iodine, 22 
Chlora, 431 

Chlorophyll, 6, 13, 33, 175-178 
„ -bands, 471 

„ -corpuscles, 88 

Chloroplasts, 6, 33, 58, 187 
Chlorotic condition, 177 
Chorisis, 245, 582 
Christmas Rose, 227, 259, 288, 297 
Chromatin network, 28 
Chromatophores, 83, 471, 486, 488 
Chromoplast, 83 
Chromosome, 42, 44, 355 
Chromosomes, Reduction of, 459, 405 
Chryaanthemum, 324 
Ckryaoaplenium, 587 
Cichorium, 828 
Cilia, 45, 852, 465, 475 
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Oinquefoil, 807, 480 
CircteUt 548 

Circulation of protoplasm, 190 
Cii'oumnutation, 193 
Cludode, 89, 91 
Clarkia, 548 

Classification, 2, 3, 290, 412 

„ of the Plant Kingdom, 3 
CfavicepSj 502, 507 
Claw, 230 
Clay plants, 431 
Cloaveii}, 83 
Cleistocaiih 507 

Cleistogamuns flowers, 205, 540, 547 

Clematis, 83, 108, 285, 294, 296, 437 

Climatic factors, 414 

Climbing plants, S3, 434 

Clinostat, 208 

Closed bundles, 112 

Cloudberiy. 307 

Clover, 205, 303 

Club-mosses, 4, 369 

Cobalt tost for water vapour, 171 

Cocci, 280, 518, 539, 541 

Cochlearia, 301 

Coco-nut, 281 

Cmnocyte, 44, 53, 474 

Coonocytic structure, 471, 488, 498 

Cohesion, 244 

Cohort, 290 

ColcMcum, 326 

Collateral bundles, 93, 111 

Collecting cells, 150 

Collenchyma, 48, 62, 93 

Colouring matters, 34, 87, 186, 462, 513 

Colours of flowere, 33, 263 

Coltsfoot, 431 

Columbine, 296, 297, 431 

Cohimella, 454, 456, 459, 492 

Comarum, 430 

Comfrey, 556 

Comma, 518 

Common bundles, 95, 112 
Comiianion cells, 52, 61, 95, 107, 111 
Compass plants, 207 
Composite, 37, 53, 222, 228, 241, 251, 
275, 285, 292, 820 
Composite fruits, 274, 283 
Compound leaf, 188, 189, 144 
Concentric bundle, 101, 339, 361 
Conceptacle, 482, 484 
Conducting tissue, 15, 451, 484 
Cone, 872 

Conidiophore, 498, 503, 511, 513, 514 
Couidium, 495, 498, 503, 572, 514 
Conifer, 872, 377, 881, 408 
Coniferin, 34 
Conium, 811 

Conjoint bundles, 61, 93 
CoiuugatSB, 473 

Conjugation, 42, 45, 467, 472, 492 
„ -tube, 472, 509 


Coiyunotlve tissue, 99, 100, 111 
Connective, 233 
Conopotlium, 311 
Contact as a stimulus, 210 
Continuous variations, 405 
Contractile vacuole, 465 
Convallaria, 326 
Convolviilacese, 196 
Convolvulus, 83, 437 
Coral-root, 332 
Corallorhha, 332 
Cordaitete, 409 
Cork, 50, 103, 107, 152 
„ -oainbium, 107, 127, 375 
Comi, 87, 423, 554 
Corn Marigold, 324 
Com Spurrey, 299 
Corncockle, 299 
Cornflower, 322, 824 
Cornus, 431 

Corolla, 219, 221, 229, 410 
Corona, 232 

Cortex, 62, 92, 97, 100, 108 
Corylaceie, 255, 471 
Corylus (see Hazel), 520 
Coiymb, 249 
Costa, 310 
Cotoneaster, 282, 308 
Cotton, 542 
„ sedge, 428 
Cotyledon, 308, 309 

Cotyledons, 64, 65, 67, 75, 132, 269, 353, 
367, 389 

Cover-scale, 381 
Cow Parsnip, 311 
Cow-wheat, 197, 317 
Cowberry, 552 
Cowslip, 220, 431, 553 
Crambe, 301 

(h-anberry, 430, 550, 552 
Crane’s-bill, 431, 538 
CrassulacesB, 292, 308 
Cratcegus, 308 
Creeping Jenny, 554 
Cremocarp, 279, 810 
Cress, 74, 300, 801 
Crinum, 327 
Crithmum, 811 
Crocus, 86, 87, 564, 565 
Cross-fertilisation, 257 
„ -pollination, 257, 258 
Croton, 540 
Crowberry, 429, 430 
Crowfoot^ 296 
CrucifeiTO, 241, 277, 292, 299 
Cryptogam, 5, 20, 241, 336, 872 
Ciyptostomata, 483 
Cuckoo-flower, 301, 427 
„ -pint, 437 
Cncuml^r, 281, 283 
Cudweed, 823, 427 
Culm (= naulm), 77 
Cupule, 276, 522 
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Cupulifero, 521, 527 
Ourrant, 537 
Cuscuta, 196 
Cuticle, 29, 50, 57, 145 
Cutioularisation, 29 
Cutin, 29 , 

Cutinisation, 29 
Cutinised tissue, 49, 56 
Guttings, 114 
Cyanophjceie, 462, 515 
Cyatbium, 355, 541 
Cyoadofilioes, 408 
Cyoadophyta, 408 
Cyoads, 372, 393-395, 408 
Gyoads and Ferns, 408 
Cyoas, 238, 393 
Circlajne/if 554 
^donia^ 308 

Cyniose branching, 11, 80 
„ head, 253 

,, inflorescences, 248, 251, 255 
CynogloBmm^ 431, 556 
335 

Cypress, 382 

Cypnpedium^ 330, 331, 332 
Cypsela, 275, 321 
Cystolith, 31, 528, 530 
Cytase, 188 
304 

Cytology, 2 
Cytoplasm, 21 


r\ACTYLlS, 335 
^ DafTodil, 327 
Dahlia, 37, 118 
Daily period of growth, 196 
Daisy, 83 

** Damping-off," 494 
Dandelion, 80, 83, 323 
Date, 73, .186, 282 
Datura^ 279, 558 
JOavxuSf 310 

Dead-nettle, 84, 312, 314 
Deadly Nightshade, 431, 558 
Decomposition of protoplasmic sub- 
stance, 14 

Decussate, 136 ^ 

Deferred shoot, 79 
Dehiscence of. capsules' 278 
Delphinium^ 297 

Dermatogen, 97, 98, 100, 112, 119, 843, 
874, 877 

Desmogen strand, 99 
Deuteia, 285, 535 
Development, 2, 476 

„ of lateral rootlets, 128, 342 

„ of tissues, 96 

Diaheliotroplsm, 206 
Diandrsa, 880 
Dianthus, 299 
Diastase 189 


Diaster stage, 43 
Dichasium, 252 
Dichogamy, 259 

Dichotomous branching, 11, 484 
Dichotomy, False, 80, 252 
Diclinous, 222 
Dicotyledon, 5, 292 

„ , Apical meristem of, 96 

„ , Embiyo of, 268 

„ , Flowers of, 223 

„ , Origin of, 408 

„ , Primary stem-structure of, 

92-101 

„ , Root system of, 115, 124 

„ , Secondary growth in, 125 

„ , Seed of, 66, 74 

,, , Stelar system in, 80 

Dictyostelic condition, 102, 340 
Didynanious stamous, 235 
Diflerentiation, 6, 7, 9, 20, 24, 25 

„ of sox, 858, 367, 486, 487 

„ of tissues, 97, 112, 120 

„ of vascular bundles, 98 

Digestive glands, 55 
Digestive sac, 129 
Digitalia, 817 
Dimorphism, 280 
Dioecious, 222 
Dionvuaf 200 

Diphenylamine test, 180 
Disc, 226, 251, 481 
Discontinuous variations, 405 
Dispersal of seeds and fruits, 284 
Displacement of parts, 245 
Dissimilar members, 9 
Distribution of Plants, 414 
Diurnal sleep, 205, 207 
Division of labour, 7, 470 
„ of nucleus, 24 
Dock, 41, 117, 275, 285, 530, 533 
Dodder, 196, 210 
Dog’s Mei-cuiy, 487, 541, 542 
Dogwood, 281, 431, 436 
Dormant buds. 79 
Dorsiventral, 11, 193, 206, 208 
Double fei-tilisation, 268, 271 
„ samara, 280 
Draba, 301 

Draccena, 113, 129, 824 
Drainage, 159 
“Drawn plants," 177 
Drip-tips, 419 

Dropwort, 306, 307, 311, 427 
Droaera^ 199, 211 
Drupe, 280, 287, 806 
Dryaa^ 307 

Duckwe^, 91, 424, 426 
Duplication, 530 
Duramen, 107 
Dwarf Cherry, 807 
„ male plants, 480 
„ -shoot, 83, 878, 874 
Dyer’s weed, 481, 488 
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E ARTHNUT, 311 
Sehium, 556 
Ecology, 3, 412 
Ectopliytic, 198 
Ectoplasm, 475 
Edaphiic factora, 414 
Kgg-ap)>amtns, 248, 399 
Elabomted cuinpouuds, 180 
Elater, 447, 459 
Elateropliore, 447 
Elder, 105, 108, 126, 281, 602 
Elm, 80, 82, 222, 276, 285, 529 
JBlodea, 101, 174, 190 
ElymuSf 335 

Embiyo (see under Types), 63, 353, 
388 

,, , Adventitious, 271 

„ , Development of, 268, 352, 366, 

„ -sac, 243, 369, 382, 383, 394, 396, 
398 

Embryonal mass, 269 
Emergence, 60, 118 
Empetruni, 429 

Enchanter’s Nightshade, 262, 286, 548, 
549 

Endarch, 122, 361 
Bndocai*p, 281, 287 

Endodermis, 50, 02, 93, 97, 100, 110, 123, 
148, 343, 361, 375, 378, 379 
Endogenous develoximent, 128 
Endophytic, 198, 370 
Endosmosis, 161, 166 
Endosperm, 68, 271, 281, 388, 389, 399, 
408 

,, , Development of, 270 

„ -nucleus, 268, 271 

Endospore, 492 
Endosporinm, 346, 380 
Endotheciuni, 446, 447, 456 
Eneigid, 20 

Energy, 13, 175, 183, 189 
Entomophilous, 258, 260 
Envelope cell, 445 
Environment, 203, 414 

,, , Adaptation to, 9, 17, 147, 

150, 214, 245, 403, 404, 
412, 482, 507 

„ , Direct action of, 405 

Enzymes, 188 
Ephemerals, 421 
Epibosal, 852, 867, 446, 456 
Bpiblema, 123 
Epicalyx, 228, 305, 543 
Epicaip, 281 
Epidermal cells, 56, 57 
„ hairs, 55 

„ glands, 811 

„ outgrowths, 56, 59 

„ system, 56, 100 

Epidermis, 50, 56, 92, 149 ' 

Bpigyny, 226, 409 
JBpiliMum, 548 


Epinasty, 193 
EjiipaciiH^ 332 

Epipetalous stamens, 234, 410 
Epiphytes, 217, 33i, 418, 431 
Epi])hytic adaptation, 329 
Epiplasm, 501 
Epipoi/uni, 332 
Epistropho, 204 

Epithelial layer, 55, 70, 93, 376 
Epitheni tissue, 61, 152 
Jit/iiisetuui, 4, 356, 427 
Eigot, 502 
Ph-gotin, 505 
Erica, 562 

KiicaceeB, 198, 292, 319, 550 
Erodium, 432, 538, 539 
Erymjium, 311 
Eacallonkt, 635 
Essential elements, 155 
Etaerio, 282 

Ethereal oils, 34, 40, 64 
Pltiolated plants, 177, 205 
laiolin, 177 
Eupatorium, 323 
Euphorbia, 53, 255, 433, 540, 641 
Eiiphorbiaoem, 91, 540 
Euphrafiaifice Eyobright), 317 
Eurotiuni, 4, 498 
Eustelo, 102, 374 
pjvening Primrose, 263, 548 
Plvergi’cens, 59, 145, 422 
Evolution in Angiosporms, 408 

„ of flowei*, 409 

„ of higher plants, 406 

„ of sporophyte, 458 

,, tlieory, 402 
Exalbuminousseed, 68, 75, 272 
Exai’ch, 122, 361 
Excretions, 15, 34, 183, 1S7 
Exine, 237, 380, 485 
Exodermis, 124 

Exogenous development, 114, 151 
Exosmosis, 161 
Exosimrium, 346, 380 
Bxotropic, 208 
Explosive fruits, 287 
Extrafloral nectaiy, 55 
Extrorse, 236 
Eyebright, 197, 317 


F AGACBiE, 520, 522, 527 
Fagales, 520 
Fagopyrum, 530 
Fagus (see Beech), 621 
P'alse axis, 81 
„ dichotomy, 252 
„ fniits, 274 
„ septa, 241 
„ tissue, 488, 501, 512 
Fosoicle, 254 
Fats, 401 

Fatty acids, 40, 188, 189 
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Fatty oils, 40 
“ Feeder,” 307 
Fehling’s test, 182 

Fenneiitution, ISfi, 403, 502, 510, 516 
FeniieiitH, 34, 37, (55, 18S 

,, , OrgjiiiistHl, 510, 616 

,, , Froteiilytie, ISS 

,, , Uuorgaiiiscd, 188, 510, 616 

Fern, 337-356, 408 
,, , Enibiyo of, 352, 353 
„ , Leaf of, 337, 3J I 
„ , Life history of, 336 
„ , Kliizoiiie of, 337, 338, 342 
„ , Root of, 338, 312 
„ , Stem of, 338 

Fertilisation, 45, 266, 267, 268, 351, 366, 
3SS, 30-1, 445, 454, 476, 
486 

„ -tube, 407 
Festuca, 335 
Fibrous layer, 236, 397 
Fibre- vascular bundle, 62, 92 
FicuSf 629 
Fig, 283 

Figwoi-t, 259, 262, 316, 317, 427 
Filago, 323 
Filament, 233 
Fission, 518 
„ -fungi, 615 
Fixed light position, 207 
Fixing oigan, 477 481 
Flag, 564 
Flagellatac, 467 
Flagellum, 465, 518 
Flax, 431 
FlealNine, 324 
Floral diagrams, 245 
,, envelopes, 221, 396 
„ formulte, 240 
„ leaves, 91, 133, 218, 224 
„ niecluinisniH, 263 
„ sti'iicture, Modification of, 244 
Florets, 321 

Flower, 8, 91, 218, 219, 896, 400, 409 
Flowering Plants, 5 

„ „ and Vascular Ciypto- 

^ams, 401, 402 

Fluctuations, 405 
Fly Orchid, 332, 431 
Foliage leaves, 15, 131, 133, 460 
Foliar gaiis, 102, 339, 340 
Follicle, 277 

Food-materials, 12, 64, 76, 182, 155 
Fool’s Parsley, 311 

Foot, 353, 367, 871, 441, 447, 450, 454 

Forget-me-no^ 556 

Formic aldehyde, 172 

Foxglove, 278, 317, 437 

Foxtail Grass, 333 

Fragmentation, 24, 471 

Fraxinus (see ^sh^, 554 

Free cell-formation, 42, 44, 864 

Free water, 169 


Freegia^ 564 
Freiurh Bean, 67, 302 
FritHfaria, 326 
Fritillary, 326 
Frog-bit, 424, 425 
Fniits, 272, 273, 274, 411 
„ , Classification of, 274 
„ , DisiKjrsjil of, 284 
Fucltnia, 60, 648 
FucuSf 4, 31, 481 
Funaria, 4, 449 
Fungi, 4, 488, 489 
Fungus-cellulose, 488 
Funiclc, 242, 39cS 
Fusion of pails, 244 


/yAGFJ, 326 
^ (latanthmy 327 
(T/ift oiniofon, 431 
Gnlf&psix, 314 
Gametangia, 464, 472, 492 
Gametes, 16, 45, 267, 350, 354, 388, 464, 
467, 468, 490, 492 
Gainetophores, 492 

Gametophyte, 354, 358, 368, 370, 385, 
886, 399, 401, 406, 450, 403, 490 
Gamopetala^ 291 
Gamopetalous, 220, 281, 410 
Gainose})alous, 227 
Garden Nasturtium, 60, 167, 540 
Garlic, 326, 431, 437 
„ mustard, 301 
Genn, 30(>, 807 
Gemma, 354, 441, 450 
Gemmation, 508 
Generative cell, 267, 388, 399 
Genetic spiral, 136 
Genista^ 304 
Gciiistcee, 304 
Gcntiana, 430, 435 
Genus, 289, 290, 404 
Geophytes, 418 
Geotroiusm, 208, 209 
GemniaceH), 538 
Geravivnij 280, 538, 689 
Germ-])lasm, 405 
Geim-tube, 348, 492 
Germination of pollen grain, 266, 886 
„ of seed, 64, 70, 76, 105, 218, 
390 

„ of scores, 848, 864, 448, 


“Genns,”348, 492 
Gcum^ 307 
Ginkgo^ 395 
Gipsy-wort, 313, 427 
Gludiolux, 564 
Glandula, 330 

Glandular liairs, 40, 55, 60, 215, 81 


Glass-woit, 434, 588 
Qlauciunif 483 
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GlauXf 433, 554 
Qleditschia^ 304 
Globe-flower, 297 
Globoid, 40 
Glucose, 34 
Glucosides, 34, 37 
Glumes, 333 
Qlyceria^ 335 
Glycerine, 40, 188 
Glycogen, 501 
Onaphatiulib, 323 
GnetaceoD, 372 
Goat’s Beard, 323 
Oodetia, 548 
Golden Bod, 324, 432 
„ Samphire, 324, 434 

„ Saxifrage, 262, 427, 537 

Gongrosira, 475 

Gonidanginm, 403, 475, 478, 491, 495 
Gonidiophore, 492, 498 
Gonidium, 403, 475, 490, 492, 498 
Gooseberry, 147, 282, 538 
Goosofoot, 533 
Goose-grass, 83, 286, 437 
Gorse, 90, 147, 260, 287, 303, 304 
Gosaypiunit 542 
Graminacess, 292, 332 
Grand period of growtli, 192 
Grape, 281 

„ sugar, 34, 37, 173, 187, 188 
Grass of Parnassus, 430, 537 
Grasses, 75, 113, 129, 133, 192, 275, 332, 
333, 335 
Gravity, 207 
Great Burnet, 308 
Grom well, 556 
Ground Ivy, 311, 312, 313 
Ground-tissue, 56, 92, 100 
„ „ system, 62 

Groundsel, 265, 324 
Growing-points, 21, 191 
Growth, 12, 175, 188, 191, 196, 203 
„ -forms, 518 
Guard-cells, 56, 58, 169 
Guelder Bose, 262, 436, 562, 563 
Gum, 30, 40, 54, 187 
Gutta-])erclia, 54 
Gymnosperms, 5, 238, 372 

„ and Angiospeiius, 382, 

396 

„ and Vascular Crypto- 

gams, 382, 385, 387, 
395 

„ , Flowers of, 372, 381, 

382, 392 

„ , Fruits of, 890 

„ , Pollination in, 394 

Gynnceum, 219, 237 
Gynandrous, 234, *830 
Gynobasio style, 312 
Gynodioecious, 312, 557, 561 
Gynomonoecious, 821 
Gynostemium, 380 
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Uicmatochroine, 468 
H<3maUicoccu»^ 468 
Hairs, 59, 142, 215, 264 
Halophyte, 217, 1:12, 533 
Haiti Iwuit, 49, 61, 95, 101 
Hardheads, 324 
Harebell, 53, 320 
Haulm, 134 

Haustoria, 118, 176, 367, 371, 489 
Hawk’s-board, 427 
Hawk- weed, 215, 323 
Hawthorn, 80, 90, 259, 282, 308, 436 
Ilay-ljacilliLs, 519 
Hazel, 80, 520, 523 
Heart’s-ease, 545 
Heart-wooti, 107 
Heat, 175, 189, 212 
Heath, 198, 428, 429, 550 
„ plants, 428 
He<athor, 552 
Hedge-mustaixi, 301, 437 
„ Parsley, 311 
Hedges, 437 
Hedysarem, 304 
Jlcdymrum, 279, 304 
Beliimthua, 92, 322 
Helicoid branching, 80 
lleliotropism, 205, 206 
Helloborine, 332 
ffetleborua, 296, 296, 297, 431 
Helosciiulium, 427 
Uelp-cells, 243 
Hemeroca/.iis, 326 
Hemlock, 311, 427 
Hemp, 529 

„ Agrimony, 323, 427 
„ -nettle, 314 
Henbane, 558 
Henbit, 314 
He])atica), 440 
Heracleum, 311 
Herb Bennett, 307 
,, Paris, 326 
„ Hubert, 538 
Heredity, 403 
Hermaphrodite, 222 
HenperiSf 300, 301 
Heteroblastic development, 448 
Heterogamous, 464 
Heterosporous, 860, 371, 406 
Heterostyly, 261, 540, 553 
Hibiscus, 542 
Hieracium, 823 
Hilum of ovule, 242 
„ of seed, 66 
„ of staroh-grain, 38 
Hippocrepis, 804 
Hippuris, 427 
Histology, 219 
Hugwe^, 311 
Holcus, 835, 437 
Hold-fast, 481 
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Holly, 430 
„ berry, 281 
Hollyhock, 227, 542 
Holoblastic, 388 
Holophytic, 407 
Honiogunioiis flowei’s, 2r»"j 
Homologies, 330, 383, 402, 404, 400 
„ in Angiospenns, 300 

Honiologons ineiiibei-s, 17 

„ theory of alternation, 

403 

Honiology, 17, 404 
Honiosporons, 357, 371 
Honesty, 301 

Honey, Concealment of, 410 
“ Honey-dew,” 502, 604 
Honey-guides, 261, 204 
Honeysuckle, 83, 200, 304, 437, 562 
Hop, 83, 200, 283, 284, 437, 520, 530 
Horehound, 314 
Hornbeam, 520, 523 
Horae Radish, 301 
Horaetail, 4, 356, 426, 427 
Host, 16 

Hottmia, 426, 554 
Hound’s-tongue, 431, 566 
Houselcek, 84, 216, 308, 300, 416 
Jlumuluif, 529 
Humus, 159, 160 
Hyacinth, 88, 325, 326 
Hydatlmdes, 54, 167 
Hydrangea^ 535, 538 
JIydrofoti/fe, 3 I I 
Hydro]ihilous, 258 
Ilydnjphytes, 418 
Hydrotiopisni, 210 
, Hygrophytes, 415, 419 
Hygroscopic water, 159 
Hymeriial layer (hynienium), 514 
Ilyoscyanim, 558 
Hypericum^ 427 
Ilyplim, 488, 491 
Hyijobasal, 352, 367, 446, 456 
Bypochatris, 323 
Hypocotyl, 65, 130, 269, 367 
Hy]^)odcrmi8, 62, 93, 100 
Hypogeal, 67 
Hypogyny, 225, 409 
Hyiwnasty, 193 
Hypopliysis cell, 269 
Hypsophyll, 221 


TBERIS, 301 
Idioblast, 54 
-Incision, 138, 142 
India-rubber plant, 31, 56 
Indian Com, 69 
„ Cress, 540 
Indusiiim, 344, 384 
„ , False, 346 

Inflorescence, 220, 248 
Insect pollination, 258, 410 


Insect visitation, Adaptations for, 261, 
262 

Insectivorous plants, 65, 148, 199, 202, 
430 

Integument, 242, 381, 398 
Intercalary growth, 151 
„ meiistem, 46 
Intercellular siuices, 36, 58, 105 
Inteifascicular cambiiiiii, 103 
Intemode, 77, 192 
Intine, 237, 380, 485 
lutrafiisciciilar cambium, 93 
Intramolecular resiuration, 184, 186 
Intrurae, 236 

Intussusception theory, 29 
Inula^ 324 
Inulose, 188 
Tniilin, 37, 187, 188 
Invei'tase, 188 
Involucel, 253 

Involucre, 251, 253, 255, 443, 444 
Iodine test, 174 
Tiidacem, 564 

Iris, 10, 123, 129, 285, 564, 665 
Irregular flowers, 224, 245 
Irritability, 203, 212 
Isohilateral leaf, 151 

„ symmetry, 10, 294 
Isoganioiis, 464 
Ivy, 37, 83, 262, 437 


JASIONE, 318, 319, 320 
Jasmine, 664, 665 
Jamninum, 554 
Judas Tree, 304 
Jiiglandacece, 527 
Junev^, 427, 435 
Juniper, 5, 872, 390 


K ARYOKINESIS, 24, 42 

Katabolism, 14, 188, 190, 191 
Keys, 72, 285 
Kiiapwe^, 324 
Knop’s solution, 157 
Knotgrass, 530, 583 
Knots, 114 
Kohl-rabi, 801 


L ABELLUM, 330 
Labiatss, 292, 311 
Laburnum, 108, 802, 803 
Lactuca, 207, 323 
I-iady’s Fingers, 304 
„ Mantle, 167, 280 
„ Smock, 80, 301, 427, 487 
„ Tresses, 382 
Laxnellw, 518 
Lamina, 181, 189, 149 
Laminaria, 484 
Lamium, 811, 814 
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Lapsanaj 323 
Larch, 5, 382 

Larkspur, 283, 29 i, 290, 207 
Lateml branching', 11, 113 

„ rootlets, 128, 129, 342, 378 
„ roots, 2U8 
Latox, 03, 04 
Lathmu, 197 
LathyruHy 147, 304 
Latiuiferous “ cells," 040 
„ coenocytes, 03 

,, tissue, 03, 02 

,, vessels, 30, 03, 320 

Laiiral, 327 
Lavatera, 042 
Lavender, 311 
Tjeaf, 8, 131, 153, 216, 337 
,, , Adaptation of, 214 
„ , Apex of, 142, 102 
„ -Imse, 132 
,, , Branching of, 138 
,, , Compound, 138, 139 
,, , Deiinition of, 103 
„ , Descriptive terms, 133 
,, , Development of, 101, 344 
,, , Duration of, 145 
„ , Fall of, 102 
„ , Forms of, 410 
„ , Incision of, 142 
,, , Insertion of, 130 
„ , Margin of, 141 
„ -mosaics, 210, 430 
„ , Origin of, 400 
,, , Simple, 138 

„ , Structure of, 132, 147, 148, 344, 
302, 410, 402 
,, , Texture of, 145 
„ -trace, 95, 99 
„ , Venation of, 137 
Leaflets, 139 
Leek, 320 

Legume, 135, 277, 303 
Leguminosse, 198, 240, 277, 292 
Lemna, 426 
Lenticel, 109, 127 
lepidiumt 301 

Lesser Celandine, 74, 85, 294, 427 
Lettuce, 323 
Leucojunif 327 
Ijeucoplasts, 32, 187 
Lid-cells, 444 

Life-history of a plant, 25(i, 420 
Light, 13, 175, 177, 189, 201, 200, 410, 
435, 430 

Lignification, 30 

Lignin, 30 

Ligule, 60, 232, 359 

Liguliflone, 321, 323 

Ligugtrum^ 504 

Lilac, 80, 132, 203, 554, 555 

Liliacew, 292, 324 

Lilium, 320 

Lily, 285, 326 


Lily of the Valley, 320, 431 
Limb, 230 

Lime, 83, 100, 107, 285, 544 
Limiting layer, 483 
Liaaria, 315 • 

Ling, 198, 428, 429, 052 

Linnmi, Ot53 

Litvaut, 431 

Lii)ase, 188 

Lipoxeny, 007 

LiMt ra, 198, 332 

Lithophyte, 217 

Li Ihoitpe r mu III, lOO 

LittoirUa, 425, 5(50 

Livelong, 309 

Liverworts, 4, 8, 440, 408 

Lohdin, 259, 318, 319, 320 

Lodicule, 334 

Loliiim, 335 

Lomentum, 279, 303 

London Pride, 215, 037 

Loniaern, 502, 503 

Loosestrife, 201, 427, 504 

Loteft), 304 

J^tus, 304 

Lousowort, 197, 317 

Love-in-a-mist, 297 

Ludicigia, 040 

Lunaria, 301 

Lungwort, 000 

Lupin, 287, 302 

Lupinnx, 302 

lychnis, 224, 2(53, 299 

Lycium, 008 

Lycoptaiium, 4, 309 

Lycopsis, 500 

Lycopus, 313 

Lyme-gi’ass, 335 

Lysigenoiis cavities, 30, 55, 111 

Lysinmehia, 427, 054 

Ly thrum, 201, 427 


M AIZK, 69, in, 332, 334 
Male-cell, 207, 380 

Male Shield Fern (see Aspidium), 
337 

Mallow, 228, 280, 542 
Malt-sugar, 188 
Maltase, 188 
Malva, 542 
Malvacew, 042 
Mamlmgora, 558 
Mandrake, 558 
Mangold Wurzel, 034 
Maple, 280 
Marjoram, 313 
Marram-grass, 335, 433 
Marsh Marigold, 297, 427 
„ J’cnuywort, 311, 427 
„ Plants, 420 
„ Samphire, 434, 534 
„ -wort, 427 
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Marsh Xero])hytes, 427 
Mat-grass, SHri 
Matricaria^ 324 
Matthiola, 301 
Mayweed, 321 
Meadow Uiiu, 207 

„ Saffron, 87, 320 

„ -sweet, 2(;r», 300, 307, 427 

Mechanical devices, 200, 410 
Mechanism of movement, 213 
Mfdicayo^ 304 
Medick, 304 
Medlar, 282, 308 

Medullary rays, 02, 02, 100, 105, 107, 
126, 376 
„ region, 483 

„ sheatl), 104 

Megasporangiiiui, 360, 363, 383, 396 
Megaspore, 360, 300, 383, 304, 306 
Megasporopliyll, 383, 306 
Mflampyrum^ SV!^ 416 
Mdica, 335, 437 
Meiinm^ 314 
MelittiSy 314 
Melon, 281 
Member, 1, 9 
Mendel, 405 
Mentha, 311, 313 
Menj/anthiin, 430 
Mercurial is, 541, 542 
Mericari), 279, 310, 544 
Meristele, 102, 379 
Meristem, 46, 06, 112 
„ , Apical,* 46 

„ , Intei-calary, 46 

„ , Primary, 46 

„ , Secondary, 46, 103, 107, 125, 

127 

Meristematic cells, 21 . 

„ tissues, 46 * V 

Meroblastic, 388 
Mertensia, 556 
Mesocarp, 281 
Mesopliyll, 47, 149 
Mesophytes, 415, 419 
Mupilus, 308 
Metabolism, 14, 175 
Metallic elements, 182 
Microbe, 516 
Micropyle, 67, 242, 382 
Microsporanginra, 360, 363, 383, 396 
Microsi)ore, 360, 360, 383, 396 
Microsporopliyll, 383, 396 
Middle lamella, 27, 43, 182 
Milfoil, 322, 324 
MUium, 335, 437 
Milk-tubos, 53 
Milkwort, 428 
Mimosa, 304 
Mimoseoe, 303 
Mimulus, 317 

Mineral crystals, 41, 54, 170 
„ substances, 80, 34 


Mint, 84, 311, 313, 427 
Mistletoe, 80, 197 
Mitosis {see Karyokinesis), 24, 42 
Mock Orange, 535 

Modification of floral structure, 244, 
409 

„ of memboL's, 9 
Moishire, 359 
Molinia, 335 
Monandrse, 330 
Mon-arch, 361, 362 
Moneywort, 427, 554 
Monkeyflower, 318 

Monkshood, 229, 277, 283, 285, 294, 296, 
297 

Monocaipellary, 237 
Monoctirpic, 421 
liionochlamydeous, 222 
Mouoclinous, 222 
Monocotyl^ons, 5, 71, 292 

,, , Apical meristem of, 

92 

,, , Embryo of, 270 

„ , Flowers of, 223 

„ , Jjeaf of, 132, 151 

„ , Origin of, 408 

,, , Root system of, 116, 

124 

,, , Socondaiy growth in, 

113, 129 

„ , Seed of, 11, 71, 75 

„ , Structure of stem of, 

110 

MomBcious, 222 
Monopodial, 12, 86 
Monostele, 102 
Monotropa, 197, 198, 552 
Moor, 428 

Moorland plants, 428 
Moracose, 529 
Morphine, 34 
Morphology, 1, 2, 3 

,, , External, 6 

„ , Internal, 2 

Moras, 529 
Moschatel, 262, 563 
Mosses, 4, 440, 458 
Moth-])oJlinatod flowers, 263 
Mother-axis, 220 
Moulds, 4, 159 
Mountain Ash, 308 
Mousetail, 432 

Movements in plants, 190, 203 
„ , Nyctitropic, 204 

,, of variation, 190, 201, 213 

Mucilage, 30, 35, 40, 54, 55, 893, 444 
Mucor, 4, 490 
Miigwort, 328 
Mulberry, 283, 287, 529 
Mullein, 316 
Muscari, 326 
Musci, 440 
Muscinese, 4, 440 
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Mushroom, .'»ll 
Musk, 318 

Must/ird, 74, 300, 301 
Mutation theory, 400 
Mutations, 40/3 

Mycelium, 488, 491, 495, 498, 503, 508, 
511, 612 

Mycorhiza, 198, 370, 378, 431, 527, 550 

MyomotiH^ 550 

MyosiiruSf 432 

MyriophyUum^ 101, 210, 420 

Myrrhis, 311 

Myxophyceae, 462 


N ANN ANDREA, 480 

NarcinHutt, 232, 253, 327, 328 
NarduH, 335 
Narthcciunij 320 
Nasturtium^ 301 
Natural orders, 280, 290, 520 
„ selection, 403, 406 
Neck-canal-cells, 350, 387, 444, 445, 453 
Neck of archegoniuin, 350, 444 
Nectar-glands, 410 
Nectarine, 307 
Nectary, 55, 226 
Needles, 374 
Negative pressure, 167 
Neottia, 197, 198, 332 
Nepenthes^ 148, 201 
Nepeta^ 311, 318 
Nettle, 222, 528 
Neuter flowers, 222 
Nicotianaj 558 
Nicotine, 84 
Ntgefla, 297 
Nipplewort, 323 
Nitrates, 179, 180 
Nitrification, 100, 164, 517 
Nitrifying oi-ganisnis, 104, 517 
Nitrogen, Assimilation of, 198 
Nitrogenous substance, 179 
Node, 77 

Normal branch roots, 116 
Nucellus, 242, 272, 382, 384, 398 
Nuclear disc, 43 

„ membrane, 23, 42 
„ spindle, 42 
Nuclen-hyaloplosm, 23 
Nucleolus, 23 
Nucleus. 6, 21. 23, 32, 399 
^*?f^|^*^^tnvision of, 24 
„ , Secondary, 243 

Nuphar, 426 
Nut, 276 

Nutation, 190, 193 
Nutmeg, 278 
Nutrition, 12, 154 

„ , Special modes of, 196 

Nyctitropio movements, 204 
Npmphaia, 426 


O AK, 71, 132, 222, 272, 521, 524 
Oat, 71, 253, 333 
Ochrea, 134, 530 
Odom'S of flowers, 40 
Ocdogonhim, 4, 477 
Ornanthe, 311, 

Oi'.nothiwa, 548 
Offset, 84 

Oil, 40, 7<», 173, 186, 187, 474 

Oil ducts, 320 

“Old Man's Board,” 294 

Olea^ 564 

Olesicca), 554 

Olive, 554 

Onagracese, 547 

Onion, 10, 35, 73, 85, 88, 173, 187, 325, 
326 

Onohrychis, 304 
Ononis, 304 
Onoponlon, 323 
Ontology, 2 

Oiigonium, 475, 470, 479, 486, 496 
Ot>uiycetes, 498 
Oosphere, 243, 208 

Oospore, 45, 268, 352, 366, 388, 464, 
480, 480 

Open bundles, 94 
Operculum, 454 
Ophrys, 332 
Opium, 54 
Opi>osite leaves, 136 
Oracho, 433, 533 
Orange, 145, 281 
Orchid, 270, 332 
Orchidacete, 292, 328 
Oivhis, 329, 330, 331, 332 
Oi’gan, 3 

Organic acids, 34, 37, 160, 102, 184, 187 
„ material of soil, 159 
Organised ferments, 439 
Oriffaniim, 313 
Omitfiogalum, 320 
Ornitliopus, 301 
Orobanchacere, 196 
Orobanckii, 190 
Orjune, 309 
Orthostichies, 136 
Osmosis, nn, nL5 
OshitTtIO pressure, 163 
Ostiole, 484, 506 
Outgrowths, 9, 56, 59 
Ovary, 219, 238, 242 
Ovule, 218, 238, 242, 382, 383, 394, 396 
„ , Development of, 383, 398 
„ , Forms of, 243 
Oviiliforous scale, 382 
Ovum (wc Oiispliore), 242, 350 
Oxalate of lime, 30, 41, 179 
Oxtdis, 416, 640 
Ox-eye Daisy, 324 
Oxidases, 517 
Oxlip, 553 
Oxyria, 530 
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T>iEONY, 118, 250, 207 
1 Paleas, 821, 333, 334 
PcalitMido pai-uncliynm, 31, 47, 140, 215 
Paliiiella stage, 4(35 
Panicle, 252 

Pansy, 133, 263, 273, 2^r, 545 
PajNiveraceaa, 53 
Papilinnaceje, 301 
Pappus, 228, 275, 321 
Parachute iiiechanisui, 2S5 
Parallel venation, 137 
Parapliysis, 346, 452, 484, 514 
16, 106, 270, 480 
'rarasitic loot, 118 
Paratonic influence (of light), 204 
Parenchyma, 47, 62, 03 
Parenchymatous cells, 25 
Parietiil layer, 32 
Park tar ia, 528 
Park, 326 
PamoMsia, 535, 537 
ParnassieiL 535 
Parsley, 311 

„ Piert, 308 
Parsnip, 311 

Parthenogenesis, 271, 356, 408 
Pasque flower, 285, 207, 431 
Passion flower, 83, 00, 211, 259 
Pathogenic bacteria, 516 
Pea, 83, 147, 302, 304 
Peach, 307 
Pear, 308 
Pearlwort, 299 
Peat bogs, 426 

Pectic compounds, 22, 20, 43, 470 
Pedate leaf, 143 
Peilicel, 218 

Pedicularis (Me Lousewort), 317 
Peduncle, 220 
Pefargonium, 253, 538, 539 
Pellia, 4, 440 
Peloric flowers, 317 
Penicillium, 502 
Pennycrcss, 301 
Pennywort, 308, 311 
Pentstevion, 317 
Peppor-woit, 301 
Peptones, 188 
Perennation, 85, 422, 423 
Perennial, 420 

„ llye-grass, 333, 335 
Perianth, 221, 222, 232, 396, 409 
Peribleni, 97, 08, 100, 112, 119, 347, 377 
Peri can), <’3, 274, 280 
Perichsetia, 450 

Pericycle, 62, 100, 110, 123, 127, 128, 129, 
148, 340, 361, 375, 379 
Periderm, 108 
Perigonia, 450 
Perigyny, 225, 409 
Perimetlullary zone, 100 
Periplasm, 496 
Perispprm, 272, 390 


Peristome, 455, 457 

Perithecium, 506, 507 

Peniianent tissues, 46, 47 

Pcrsicaiia, 533 

Petal, 219 

Pctnsitcs, 322 

Petiole, 131, 148 

l*etty Whin, 304 

Petunia, 558 

PhaeophyccsB, 462 

Phanei'ugams, 5, 401 

Phaseolus, 67 

Phciisant’s Eye, 207 

Phelloderm, 103, 108, 127 

Phellogen, 107, 114, 124, 127, 152, 375 

Phitadelphus, 535, 538 

Phleum, 335 

Phloem, 51, 61, 93, 05, 181 

„ -parenchyma, 61, 107, 181, 339 

„ , secondary, 104, 107, 126 

„ -sheath, 340 

Photosynthesis (gee Carbon-Assimila- 
tion), 13, 172, 184 
Phototonus, 204 
Phycocyanin, 462 
Phycoerythrin, 462 
Phycomycetes, 480 
Phycophaein, 462, 483 
Phylloclade, 01, 541 
PhyJlotle, 147, 207 
Phyllotaxis, 135 

„ , Floral, 222 

Phylogeny, 2 
PhygiiUig, 558 

Physiograifliic factora, 414 
Physiology, 1, 3, 12-16 
Phyleuma, 318, 310, 320 
Picca, 374 
Picotees, 299 
Pig-nut, 437 
Pigment siKit, 466 
Pigments, 176 
Pdea, 520 
Pileus, 512 

Piliferous layer, 123, 843, 377 
Pimpernel, 278, 430, 554 
Pin-eyed, 201 
Pine, 372 
Pine-apple, 283 
Pinguicula, 199 
Pink, 298, 299 
Pinnule, 144 
Pinus, 5, 177, 372 
„ , Apical meristem of, 877 
,, , Embryo of, 388 
„ , Flowers of, 880 
„ , Fruit of, 390 
„ , Oamotophyte of, 885 
„ , Pollination in, 884 
„ , Seed of, 390 
„ , Ei)orophyte of, 888 
„ , Structure and Life History of, 
373-391 
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Pistil, 219, 237 
Pitcher plant, 148, 201 
Pitchers, 148 
Pith, 62, 92, 100, 101, 122 
Pits, 26 
„ , liordored, 

Pitt^l thickening, 26 
Placenta, 238, 344, 382 
Flacentation, Funns of, 238*241 
Planogaiuutu, 467 
Plant and Animal, 13, 15 
Plant Associations, 418 
Plantaginacott), 559 
Plantago^ 432, 560 
Plantain, 215, 278, 560 
Plasinolysis, 163 

Plastic substances, 15, 34, 37, 183, 186 
Plastids, 21, 24, 187 

„ , Function of, 32, 33, 38 

Plerome, 97, 98, 100, 112, 119, 377 
Pleuroeoccus, 4, 469 
Plum, 91, 280 
Plumed fruits, 285 
,, seeds, 285 

Plumule, 64, 65, 67, 77, 193, 269, 389 

Poa, 335 

Pod, 277 

Polar nuclei, 399 

Pollards, 80 

Pollen, 236 

„ -box, 263, 316 
„ •brush, 322 
,, -chamber, 394 . 

„ -flower, 260, 296 
,, -grain, 233, 236, 266, 369, 380,383, 
386, 396 

„ , Protection of, 266 
„ -sac, 218, 233, 380, 383, 396 
„ -tetrads, 384, 447, 551 
„ -tube, 267, 386, 395, 401, 406 
Pollination, 257, 384, 394, 401, 406 
Pollinium, 237, 330 
Pollinodiuni, 496, 499 
Polyarch, 361 
Polycarpellary, 238 
Polycarpic, 421 
Polyembryony, 271, 389, 406 
Polygala^ 428 
Polygamous, 222 
Polygonacee, 134, 241, 275, 530 
Polygonatum^ 326 
Polygonym^ 242, 530, 632 
Polymeiization, 173 
Polymorphism, 502, 507, 518 
Polypetalse, 291 
Polypetalous, 229, 231 
Polysepalous, 227 
Polystelic, 102, 121, 340 
Polytrichum^ 461 
Pome, 282, 306 
Pomeee, 308 
Pomegranate, 281, 282 
Pond-weed, 425, 426 


Poplar, 80, 273, 285, 293, 294 
Poppy, 63, 241, 260, 278, 285, 437 
PojmluSt 293 

Porogamic fertilisation, 268 
Portugal Lnurel,-«07 
Polamogeton, 425, 426 
Pototo, 39, 558 
PotentiUa, 307, 435 
Potentillcic, 307 
Poteriem, 307 
Pote.rium, 306, 307 
Prefloration, 145, 232 
Prefoliation, 145 
Pi^Bssure in plant members, 194 
Prickles, 60, 83, 91, 215 
Primary nieristeni, 46, 99 
„ root, 75, 353, 354, 389 
„ stem, 353 
Primitive pith, 101 
Primordial utricle, 32, 162 
Primrose, 86, 232, 2()1, 285, 431, 653 
Primula^ 435, 553 
Primulacero, 241, 552 
Privet, 149, 263, 431, 438, 554, 555 
Procambial strand, 99, 113, 120, 151 
Promycelium, 493, 497 
Prosenchyma, 48 
Proscnchyinatous cells, 25 
Protandry, 259 

Pix>tection of ovule and seed, 409 
Pwteid, 22, 76, 180, 186, 188 
„ crystalloids, 39, 187 
,, grains, 34, 39, 186 
Prothallus (prothallium), 349, 357, 364 
„ -cells, 385 

„ , Female, 365, 387, 399 

„ , Male, 366, 385, 399 

„ , Reduction of, 368, 371, 399, 

406 

ProiococeuXf 4<)8, 4(59 
Protogyny, 259 
Protonema, 448, 450, 457 
Protophloem, 99, 111, 339 
Protoplasm, 6, 12, 13, 19, 22 
,, , Continuity of, 19 

Protoplasmic strand, 32 
Protoplast, 20 

Protostele, 101, 121, 340, 361, 369 
Protoxylem, 95, 99, 339 
Prunem, 307 
Prunella^ 313 
PrunuSy 307 
Pseudobulb, 329 
Pseuducar|), 274 
Pteridophyta, 4, 336 

„ and Biyophyta, 458 
PteridospermecD, 408 
PteriSy 337, 346 
Ptyxis, 146, 146, 232 
Piiliulation, 508 
Pulmonariay 556 
PulvinuB, 132, 205 
Putrefaction, 517 
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Pyrenoid, 466, 469, 471, 477 
Pyrola^ M2 
PyiDlsiccaB, 652 
Pynis, 308 

Pythium^ 4, 494 » 

Pyxidiuiii, 278, 553, 561 


rkUERCUSiftee Oak), 621 
nf Quince, 282, 308 
Quinine, 34 


ACEME, 248 

Racoiijose branching, 11, 80 
„ inflorescence, 248, 255 
Rachis, 135, 139 
Radial symmetry, 10 

„ vascular bundle, 121 
Radical leaves, 135 
Radicle, 64, 65, 67, 269 
Radish, 117, 279, 300, 301 
Raggoil Robin, 299, 427 
Ragwort, 324, 427 
Ramenta, 60, 338 
Rampion, 318 

Ranuncui<aceae, 222, 230, 292, 294 
RaniinculuSf 294, 296, 435 
RaphanuH^ 301 
Raphe, 243 
Raphides, 41 

Raspberiy, 226, 283, 307, 436 
Rate of growth, 195 
Receptacle, 443 

„ of Capitulmn, 251 

„ of flower, 218 

Receptive spot, 476, 479 
Red Rattle, 317, 427 
Reduced stems, 83 
Reducing division, 44, 459, 465 
Reduction of chromosomes, 44, 355, 459, 
465 

Reeds, 87, 335 
Regma, 279 
R^lar flowers, 224 
Rejuvenescence, 42, 45, 463, 469 
Relationship, 402 <7 

Replum, 277 

Reproduction by seed, 257 

„ , Methods of, 16, 355, 462 

Reproductive shoot, 8, 360, 400 
Resin, 34, 40, 54, 55, 187 
„ -passage, 37, 55, 93, 375, 379 
Respiration, 14, 183, 184 
Rest-harrow, 216, 804, 433 
Resting spore, 463, 497 
Resiipinate, 330 
Reticulate thickening, 26 
„ venation, 137 
JRheumt 530 
Rfiinanthus, 317 
Rhizogenic cell, 342 
Hhizoid, 349, 440, 442, 449, 457, 486 


Rhizome, 85, 337, 338, 842, 423 
Rhizophoro, 359, 362 
RfLodmicmlron, 435, 550, 552 
Khoduphycem, 462 
Rhuliarb, 530 
Rihea, 535, 537 
Ribesiea^, 535 
Ricinus, 67, 540, 542 
Ring-bark, 109 
Robinia^ 133, 147, 302 
Rock 01*088, 301 
„ plants, 217 
„ Rose, 260, 431 

Root-absoiptiori, 156, 161, 162, 217, 422 
„ -cap, 56, 115, 119, 120, 343, 377 
„ -cell, 

„ -haii-8, 60, 118, 161, 442 
,, -pressure, 166, 171 
„ -process, 473, 481 
,, -stock, 86 
,, tendi-ils, 118 
„ -tuber, 117 

„ , Vascular cylinder in, 124 
Roots, 8, 15, 115, 192 
,, , Adaptation of, 116 
,, , Aerial, 118 
„ , Branching of, 

,, , Development of , 

,, , Evolution of, 

,, Functions of , 11 6 
„ , Origin of, 460 
,, , Secondary, 115 

„ , Structure of, 119-127, 342, 362, 
377 

Rom, 308 
Kosacese, 292, 805 
Rose, 80, 84, 260, 283, 306, 308 
„ -root, 309 
Roseee, 308 
Rosemaiy, 552 
Rostellum, 330 
Rotation of crops, 165 

„ of protoplasm, 190 
Rowan, 282, 306 
RubesB, 307 
Riibvs, 307, 435 
Rumex, 530, 533 
Runner, 84 

Ruftcus, 91, 111, 324, 826 
Rushes, 198, 426, 427, 428, 429 
Rye-grass, 833, 335 


^ACCHAROMYCRS, 4, 508 
^ Sachs’ solution, 157 
Sacs, 54 
Sage, 264, 813 
Sagittaria, 426, 427 
Sainfoin, 304 
Salad Buraet, 306, 308 
Salicaceae, 292, 527 
Salicin, 34 

Salicomia, 484, 583, 584 
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SaliXf 298, 435 
SaltolOj 433, 484, 533 
Salt*niaTsh plantH, 432, 433 
„ -spuirey, 434 
„ -wort, 433, 533 
Salts, 156 
Salvia, 264, 313 
Samara, 275 
Sambucvs, 5()2, 563 
Samolus, 554 
Samphii-e, 311, 432 
Sand-dunes, 433 
„ -plants, 431 
„ Spurrey, 297, 432 
„ -wort, 299 
Sanicle, 286, 311, 431, 437 
Sanicula, 311 
Sap-wood, 107 
Saprophytes, 16, 196, 489 
Sarrcu:enia, 201 
Saxifra^a, 435, 535, 536 
Saxifragacea*, 535 
Saxifr^esB, 167, 262, 535 
Scalaiiform thickening, 28 
Soalo-bark, 109, 375 
„ -leaves, 79, 87, 88, 131, 132, 274 
Scape, 220, 553 
Scarlet lliinner, 67, 209, 302 
SchizocariMC fruits, 279 
Schizogenous formation, 37 
Schizoinycetes, 4, 515 
Schizophyta, 516 
Schultze’s solution, 22 
Schweizer's reagent, 22 
Sclerenchynia, 49, 62 
Sclerenchyniatous fibres, 49, 51, 61 
Sclerotic cells, 49 
Sclerotium, 502, 504 
Scorpioid branching, 80 
Scoipion grass, 556 
Scots Fir, 5, 37, 373 
Scrophularia, 316, 317 
Scrophiilariacem, 197, 292, 314 
Scurvy-grass, 201, 482, 434 
Scutellaria, 314 
Scutellum, 70 
Sea Aster, 324 
„ Beet, 438, 533 
„ Blite, 433, 533 
„ Campion, 299, 432, 433 
„ Convolvulus, 438 
„ Daisy, 434 
„ Holly, 811, 438 
„ Kale, 301, 433 
„ Lavender, 434 
„ Milkwort, 433, 484, 554 
„ Plantain, 432, 484, 561 
„ Poppy, 482, 438 
„ Purslane, 299, 433 
„ Rocket, 801, 433 



Seaweeds, 462 
Secondaiy cortex, 108 

growth, 113, 125, 127, 272, 
373, 375 

ineristein, 46, 103, 125, 127 
nucleus, 243, 268, 399 
roots, 115 
,, tissue, 104 
Secretion, 15, 34, 183, 187 
„ -reservoir, 54 
Sedges, 426, 427, 429 
Sedum, 308, 309, 435 
Seed, 63, 272, 273, 401, 411 
Seed-coat, 64, 272 
Seeds, Disi)erBal of, 284, 286 
„ , Examination of, 76 
Selaginclla, 358 
Self -fertilisation, 257 
„ -heal, 312, 313 
„ -iwllination, 257, 258, 265 
„ -stei-ile plants, 259, 303 
Seminiferous scale, 382 
Senipervivum, 308 
Senerio, 224 

Sensitive Plant, 205, 211, 304 
Sepal, 219 

Septa, True and false, 241 
Seta, 441, 447, 450, 454 
Sexual oigans, 349, 364, 440, 485, 490, 
492 

„ reproduction, 16, 257, 349, 462, 
464, 466, 471, 475, 479, 484, 
492, 496, 499 
Sexuality, Origin of, 468 
Shade-plants, 57, 115, 150, 416 
Shallot, 326 

Sheeps’ -bit Scabious, 318 
Shepherd’s Purse, 268, 300, 301 
Shoot, 8 

Shore-plants, 217 
„ -weed, 425, 560, 501 
Sieve-plate, 51, 340 
„ -tube, 51, 107, 181, 340, 484 
Silene, 435 
Silenoideee, 298, 299 
Silica, 30, 157 
Silicula, 278 
Siliqua, 277, 800 
Silver Weed, 307, 433 
Similar members, 9, 11 
Simple leaves, 138 
SiphoneGO, 477 
Siphonostele, 101, 340 
Sisymbrium, 301 
Skullcap, 314 

Sleep-movements, 204, 802, 540 
Sloe, 306, 307, 436 
Smilax, 133, 147, 324 
Snake’s Head, 326 
Snakeweed, 533 
Snap-dragon, 317 
Soeeze-woi*t, 324 
Snowbeny, 262, 668 
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Snowdrop, S27, S28 
Snowflake, 327, 328 
Soft bast, ra, 61, 93, 95, 99 
Soil, 158, 159, 101, 103, 417 
Soil-air, 159 • 

Solanaceas, 558 

Solarium, 558 

Solenostcle, 101, 340 

Solidiigo, 324 

Solomon’s Seal, 86, 326 

l^nchus, 323 

Sorosis, 283 

Sorrel, 275, 530 

Soriis, 344 

Sow-thistle, 323 

Spadix, 249, 334 

Sparganium, 427 

Spathe, 249, 254 

Spearwoii;, 296, 427 

Special mother-cells, 347, 303, 397 

Specialisation of niembei's, 9 

Species, 289, 404 . 

Spectrum, 175, 178 
Speedwell, 316, 317 
^rgula, 299 
Spergularia, 299, 432 
Spermaphyta, 5 

Spermatocytes, 350, 443, 452, 480 
SiMimatozoid, 350, 352, 366, 395, 443, 
452, 476, 479, 480 
Sphojcelia, 502, 503 
Sphseraphides, 41 
SphareUa, 4, 468 
Sphmrites, 37 
Sphagnum, 366 
Spike, 249 
Spikelet, 333 
Spinach, 534 
Spindle-tree, 273, 287 
Spine, 89, 90, 147, 215 
^irtva, 307 
Spirieeue, 307 
Spiial thickening, 26 
l^iranthes, 332 
Spirillnni, 518 
^irogifra, 4, 470 

Spongy parenchyma, 81„^7, 150, 215 
Sporangiferous spike, 357, 360, 362, 369 
Sporangium, 344, 356, 357, 360, 363, 370, 
383, 396, 492, 501, 509 
„ , Development of, 346, 357, 

363, 370 

„ , Origin of, 400 

Spore, 16, 45, 344, 356, 357, 360, 362, 364, 
370, 382, 396, 441, 447, 448, 463, 
457, 464, 492, 496, 501, 509, 519 
„ , Germination of, 348, 457 
„ -mother-cells, 347, 447 
,, -sac, 454 
SpOFOcarp, 501, 607 

Sporogonium, 441, 445, 448, 450, 454, 
456 

Sporophylls, 348, 857, 860, 394, 396 


Spnrophylls and foliage leaves, 460 
Sporophyte, 354, 368, 382, 396, 406, 441, 
458, 464, 480, 490 
„ , Evolution of, 458 

Spring wood, 106 
Spruce, 5, 374, 382 
Spurge, 255, 416, 541 
Stachya, 314 
Stag's-horn Moss, 369 
Stalk-cell, 388 

Stamen, 219, 233, 380, 383, 396 
Staminode, 234, 265, 537, 553 
Star of Bethlehem, 326 
Starch, 38, 76, 173, 186, 187, 488 
„ -grains, 34, 38 
„ -layer, 93, 150 
Starwort, Water, 176 
Statica, 434 

Stelar system, 100, 111, 340 

„ tissue. Arrangements of, 101 
Stele, 101 
Stellana, 299 
Stem, 8, 92, 110, 338 
„ , Branching of, 80 
‘ „ , Descriptive terms, 77 
„ , Forms of, 82 
„ , Functions of, 82 
,, , Structure of, 92, 110, 360, 369, 874, 
451 

„ -tuber, 89 
Stereid bundle, 49 
Sterigma, 498, 503, 614 
Sterilisation of tissue, 459 
Stigma, 219, 238 
Stimulus, 190, 201, 203, 204, 213 
Stinging hairs, 60 
Stipe, 512 

Stipule, 132, 133, 147 
Stitchwort, 285, 299, 427 
St. John’s Wort, 235, 260, 278, 427 
Stock, 301 
Stolon, 84 

Stomata, 58, 59, 169, 442, 454 
Stomium, 348 
Stone-cells, 49 
Stonecrop, 262, 808, 416, 433 
Storage compounds, 181, 188 
Stork’s-bill, 432, 433, 538 
Strand-plants, 431, 432 
Strawbeny, 84, 226, 283, 307 
Strengthening tissue, 49, 50, 96 
„ zone, 110 
StrobiluB, 284 
Stromata, 503, 505 
Struggle for existence, 258, 284, 402 
Strychnine, 34 
Style, 219, 238 
Sumla, 433, 434, 533 
Suberin, 29 
Suberisation, 29 
Suberised tissue, 49 
Sub-hymenial layer, 514 
Subsidiary cells, 59 
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Succulent fruits, 286 

Sucker, 84, 118, 203 

Suckers (parasitic), 196, 197 

Sugar, 34, 37, 102, 173, 180, 181, 186 

Sun-plants, 416 

Sundew, 199, 430 

Sunflower, 322 

„ , Seed of, 63 

„ , Stem of, 92 

Supporting tissues, 85, 47-50 
Suppression of parts, 245, 530 
Susi)ensor, 268, 270, 273, 366, 888 
Sweet Briar, 808 
„ Cicely, 811 
„ William, 228, 298 
Sycamore, 72, 79, 182, 177, 280 
Syconus, 283 
Symbiosis, 198 
Symmetiy, Floral, 224 
„ , Forms of, 10 

Symi^etalsD, 291, 292, 410, 520 
SymphoricarpuSf 563 
^fmphyium^ 556 
Sympo^al, 86 
Sympodium, 81 
Syncarp, 275 
Syncarpoua, 239, 410 
SynergidcB, 243, 267, 399 
Syngenesious stamens, 235 
^ringa, 585, 554 


rpAMUS, 113 

Tanacetum^ 324 
Tannin, 34, 37, 40, 54, 187 
Tansy, 824 

Tap-root, 115, 116, 373 
Tapetal cells (Tupetum), 347, 363, 883, 
397, 398 

Taraxacunif 823 
Tare, 304 
Taxusy 891 
“ Tea plant,” 558 
Teasel, 285, 286 
Temperature, 212, 414, 422 
Tendrils, 83, 89, 135, 147, 193, 210, 211, 
540 


Te.^ta, 64, 390 
Tetrads, 551 
Tetradynamous, 235 
Tetrahedral division, 363 
Ttfumum, 314 
Thalamus, 91, 218, 219, 224 
Thalietrum^ 295, 296, 297, 485 
Thallophyta, 4, 462 

ThaUus, 7, 849, 440, 462, 470, 473, 477, 
488, 488 
Theca, 450 

Tliickening, Types of, 26 
Thistle, 823 
Thloipi, 801 
Thom, 90 
„ -apple, 279, 558 


Thrift, 434 
Thrum-eyed, 261 
Thylosis, 195 
Thyme, 311, 312, 313, 433 
Thymus, 311, 313 » 

Thyrsus, 253 
TiHUy 544 
Tiliucete, 544 
Timothy Grass, 333 
Tissue, 45, 49, 50, 52, 96 
„ , Developmont of, 96 
„ , Diiferentiation of, 97, 112, 120 
,, -systems, 56 
Toadflax, 316, 317 
Toadstool, 511 
Tobacco Plant, 263, 558 
Tojieldiay 326 
Tomato, 558 
Tonic influence, 204 
Tooth wort, 196, 197 
TormentiJ, 307, 428, 437 
Torula, 493, 502, 509 
Torus of border^ pit, 28 
„ of flower, 91, 218 
Toxins, 516 
Tmcheal tissue, 50 
Tracheidal cells, 377, 379 
Tracheides, 50, 51, 106, 376 
Tradtscantiay 190 
TragapogoUy 323 
Trama, 514 

Transfusion tissue, 379 
Transpiration, 15, 59, 131, 145, 167, 168, 
169, 171 
„ -current, 166 

„ , Reduction of, 147, 216, 

217,426 

Traveller’s Joy, 260, 283, 294, 296, 431 

Tree of Life, 382 

Trichogyne, 500 

Tiichomes, 59 

Trientalo, 554 

I'rientalis, 554 

Trifolieee, 304 

Trifoliuniy 191, 304 

Triglochiny 427, 434 

Triple fusion, 399 

Trolliusy 296, 297 

Tropeeolaceffi, 540 

Twpasolumy 540 

Tropophytes, 419 

Tuber, 89 

Tubulifloree, 321, 323 

Tulipay 88, 220, 326 

Tui^idity, 162, 165, 166, 194, 211, 218 

Turnip, 83, 117, 801 

Tussilagoy 822 

Twayblade, 198, 382 

Twining plants, 88, 209 

Typhay 427 


529 


TlLBXy 804 
^ Uluiaceso, 



606 


INDXX, 


Ulmariat 307 
Ulmus (see Elm), 329 
Umbel, 250, 252 

Umbelliferaa, 129, 228, 202, 270, 285, 
292, 310 • 

Underground stems, 83 
Urtica, 00, 628 
Urticuceas, 528 
Utricutai ia, 200, 426 


J/ACCINIUM, 435, 550, 652 
^ Vacuoles, 31, 405 
Vagina, 131 
Vaginula, 454 
Valleculse, 310 

Variation movements, 190, 204, 402 
Variations, 258, 289, 403, 405 
Varieties, 289, 290, 404 
Vascular bundle, 61, 95, 98, 100, 111, 

112 

„ Cryptogams, 4, 20, 336 

,, Cryptogams and Flowering 

Plants, 401, 402 

it Cryptogams and Gymno- 

sperms, 372, 382, 385-387, 
395 

,, cylinder, 461 

„ plants, 20 

„ structures, 20 

„ system, 56, 61, 100 

„ tissue, 50, 52, 442 

Vaucheria, 4, 473 
Vegetative cell, 267, 385, 399 

„ reproduction, 16, 85, 355, 

471, 508 
„ shoot, 8 

Veins of leaf, 137, 150, 215 
„ , Ending of, 152 
Velanien, 329 
Velum, 513 
Venation of leaf, 137 
Venter of archegonium, 350, 444 
Ventral canal-cell, 350, 387, 444, 445, 453 
„ suture, 237, 277 
Venus’ Fly-trap, 200, 211 
Verbascum, 316 
Vernation, 145, 146 
Veronica^ 316, 317 '• 

Vertical sections, 245 
Verticillaster, 254, 311 
Verticillate leaves, 136 
Vessels, 36, 53, 94 
Vetch, 304 
VexUlum, 231 
Viburnum^ 431, 562, 563 
Ficta, 67, 304 
Vicieee, 304 
Vine, 83, 90, 108 
Viola, 545 
Violaceee, 545 
Violet, 234, 287, 545 
Viper’s Bugloss, 556, 557 


Virginian Creeper, 88, 00 
Vitta, 310 


W ALL-FLOWER, 95, 801 
Wall Pellitoiy, 528 
Wall Popper, 309 
Walnut, 276, 281 

Water-absorbing capacity of soils, 161, 

Water, Absorption of, 170, 417 
,, , Ascent of, 171 

„ Avens, 307, 427 
„ -buttercups, 424 
„ -cress, 301, 427, 437 
„ -crowfoot, 426 
„ -culture, 156 
„ -docks, 427 

„ , lini)ortance of, 23, 154, 415 

„ LUies, 59, 220, 227, 229, 272, 286 
424, 425, 426 
„ Lobelia, 320, 424 
„ Milfoil, 424, 425, 426 
„ -pepper, 427, 582 
„ -plantain, 427 
„ Plants, 216, 424 
„ -pores, 60, 152 
„ Starwort, 175, 426 
„ -stomata, 60, 167 
„ , Storage of, 181, 151, 541 

„ -violet, 425, 426, 554 
„ -weed, 

Wax, 57 

Wayfaring tree, 431, 562 
Weak stems, 82, 83 
Wheat, 39, 71-, 333 
Whin, 304 
White Beam, 808 

„ Bryony, 90, 103, 211 
Whitlow grass, 301, 431 
Whorl, 80 

Whortleberry, 550, 552 
Wild Cabbage, 301 
„ Service, 308 
Willow, 273, 285, 293 
Willow-herb, 273, 278, 285, 427, 548, 549 
Wind, 416, 435 
,, -pollinated flowers, 259 
Winged fruits, 285 

Winter buds, 55, 79, 425 
„ Oheny, 558 
„ green, 552, 554 
Wistaria, 302 
Wood, 50, 61, 93 

„ Anemone, 86, 220, 260, 296, 487 
„ Avens, 807 
„ Betony, 814 
„ -fibres, 61, 94 
„ -parenchyma, 48, 61, 94, 106 
„ ^e, 314, 432 

„ Sorrel, 86, 191, 205, 278, 287, 416, 
487, 540 
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Wood’VeBaels, 501 
Woodbine, 562 
Woodland vegetation, 436 
Woodruff, 286 
Woody Nightshade, 558 
Wormwood, 322, 323, 432 
Wounds, Healing of, 114 
Woundwort, 314, 427 


X ANTHOPHYLL, 33, 176 
Xerophilous plants, 419 
Xerophytes, 216, 308, 415, 419 
Xerophytic (Xerophilous) charactei's, 
217, 380, 417, 419, 432, 435, 540, 
561 

Xylem, 50, 61, 93 

„ •Parenchyma, 339 
„ , Secondaiy, 104, 106, 12<) 


Y arrow, 324 

Yeast (see Saccharomyces), 508 
Yellow Archangel, 314 
„ Rattle, 197, 285, 317 
Yew, 5, 372, 391-393 
Yorkshire Fog, 335 
Yucca, 113, 129, 324 


Z OOCCENOCYTE, 475 
Zooglcea, 518 

Zoogonidiiim, 463, 466, 474, 478, 495 
Zoospore, 463, 464, 467, 480, 497 
Zostera, 434 

Zygoniorx)hic symmetry, 10, 224 
Zygomycete, 494 
Zygospore, 45, 464, 467, 472, 493 
Zygote, 16, 45, 464 
Zymase, 510 
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** Thoroughly suited for use in elementaiy schools generally.”— Ouardiain, 

Astronomy, Elementary MathematioaL By C. W. C. Barlow, 
M.A., B-Sc., and G. H. Bryan, So.D., F.R.S. 6s. 6d. 

Coordinate Geometry. By J. H. Grace, M.A., F.R.S., and F. 
Rosenberg, M.A., B.Sc. 4s. 6d. 

An elementary treatment of the straight line, circle, and conic. 

Dynamics, The Tutorial. By Wm. Briggs, LL.D., M.A., B.So., 
and G. H. Bryan, So.D., F.R.S. Second Edition, 3s. 6d. 

Ctoometry, Theoretical and Practical. By W. P. Workman, M.A., 
B.Sc., and A. G. Cracknell, M.A., B.Sc., F.C.P. 

Part L Covering Euclid, I., III. (1-34), IV. (1-9). 2s. 6d. 

Part II. Covering Euclid, II., III. (35-37), IV. (10-16), VI. 2s. 

Part III. Covering Euclid, XL Is. 6d. 

"The three parts now issued form an excellent work.”— SrWl World, 

This work is also published in two volumes under the titles : — 

Matriculation Geometry (Covering Euclid I. -IV.). 3s. 6d. 

Intermediate Geometry (Covering Euclid VI., XL). 2 b. 6d. 

The School Geometry. Being an edition of Oeometry^ Theorttical 
and Practical, Parts I. and II., specially adapted for ordinary 
school use. In one vol., 3s. 6d. In two Parts, each 2s. 

Introduction to the School Geometry. Is. 

"The reputations of this series, the authors, and the pi-ess from which these 

hooks are issued, are a sufficient guarantee of their value. Excellent in every 

respect. — Hckoolmaster, 

Graphs : The Graphical Representation of Algebraic Functions. 

' By G. H. FrengH, M.A., and G. OSBORN, M.A., Mathematical 
hfasters of the l^ys School, Cambridge. Second Edition, Is. 6d. 

Ghraphs, Matriculation. (Contained in The New MatrievkUion 
Algebra,) By C. H. French, M. A. , and G. Osborn, M. A. Is. 

Hydrostatics, Intermediate. By Wm. Briggs, LL.D., M.A., B.So., 
F.R.A.S., and G. H. BRYAN, So.D., F.R.S. 38. 6d. 

HydrostaUcs, The Matriculation. (Contained in IntermedkUe 
HydroetcUice,) By Dr. Briqgs and Dr. Bryan. 2b. 

Mechanics, The Matriculation. By Dr. Wm. BRlGOSond Dr. O. H. 
Bryan. Second Edition, 3s. 6d. 
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/Datbematics anb /Decbantcs — continued. 

The Bight Line and Circle (Coordinate Geometry). By Dr. Brigcks 
and Dr. Bryan. Third Edition. 3s. 6d. • 

StatioB, The Tutorial. By Dr. Wm. Briggs and Dr. O. H. 
Bryan. 2%ird Edition. 3s. 6d. 

Tables, Cliye*B Mathematical. Edited by A. G. Cragknbll, M.A., 
B.Sc. Is. 6d. 

Trigonometry, The Tutorial. By W m. Briggs, LL. D. , M. A. , B. Sc. , 
and G. II. Bryan, So.D., F.R.S. Second Edition. 3s. 6d. 


Botany for Matriculation.* By F. Cavers, D.So., F.L.S. 5s. 6d. 
Also in Two Parts. Part 1. 3s. 6d. Part II. 2a. 6d. 

"It would not be easy to get a more comprehensive account of the most im-j 
lortant facts relating to idant life and tiie structural details of tiie oommones 
Lowering plants than this excellent manual contains.’* — Education. 

The Senior Botany. * By F. Cavers, D.So., F.L.S. 4s. 6d. 

For the Oxloi d and Cambridge Senior Locals. 

"There is abundance of experiments, with useful practic^il hints and directiona. 
The volume is evidently the work of an accomplished teaclier, and will be found 
extremely helpful to students." — Educational Times. 

Plant Biology.* An elementary Course of Botany on modem linos. 
By F. Cavers, D.So., F.L.S. 3s. 6cl. 

" The freshness of treatment, the provision of exact instruction for practical work 
really worth doing, and the consistent recognition that a plant is a Hying thing, 
should secuie for Professor Cavers’ book an instant welcome.’’ — School World. 

Plants, Life Histories of Common.* An Introductory Course of 
Botany based on the study of types by both outdoor and indoor 
experiment. By F. CAVERS, D.Sc., F.L.S. 3s. 

" The author is to be congratulated on the excellent features of his book, which 
may Iw summarised as a clear diction, a logical sequence, and a recognition of the 
essentials. Nature. 

Botany, A Text-Book of. t By J. M. LOWSON, B.Sc., F.L.S. Fifth 
Edition. 6s. 6d. 

" It represents the nearest approach to the ideal botanical text-book that has yel 
been produced.’’— Jowmal. 

Zoology, A Text-Book of. By H. G. Wells, B.So., and A. M. 
Davies, D.So. Fifth Edition. 6s. 6d. 

" It is one of the most reliable and useful text-books published.”— Naturofisfe 
{Quarterly Eeview, 

* A set of 41 miorosQopio slides specially designed by Professor OavsBS for me 
witli his books is supplied at £1 ds. net. 

t Two sets of miorosoopio slides are specially designed for nee with this book— 
Set A, Ang^osperms ; Set B, Gymnosperras and Cryptogams. 80s. each net. 




THS UmVERSITr TUTORIAL SERIEa. 


Ipb^0ic0. 

The Tutorial Physics. By R. Wallace Stewaet, D.Sc., 
K. CATCHPcmL, B.So., 0. J. L. VVacstaff, M.A., W. R. 
Bowek, A.R.O..S(i., and J. SATTKiiLY, D.Sc., M.A. In 6 Vols. 

I. Sound, Text-Book of. By E. Catciipool, B.So. Fifth Editim. 

4s. (id. 

“A full, i)liiIosophicaI, and decidedly original treatment of this branch of 
physics. ’’ — Educational Timex. 

II. Heat, Higher Text-Book of. By R. W. Stewart, D.So. 6a. 6d. 

“Cleai’, concise, well arranged, and well illustrated.” — Journal of EducMim. 

III. Light, Text-Book of. By R. W. Stewart, D.Scj. Fourth 
Edition. 4a. 6d. 

“ A very full and able tivatment of the elements of Geometrical Optics." — 
Ediicutiimal Ectcx. 

IV. Magnetism and Electricity, Higher Text-Book of. By R. W. 

STEWAiir, D.Sc. Second Edition. Ga. 6d. 

“The text is exceedingly lucid and painstaking in the endeavour to give the 
student a sound knowledge of*i)hysics.” — Nature. 

V. Properties of Matter. By C. J. L. Wagstaff, M.A. Third 

Edition. 3s. 6d. 

"A useful text-book, clearly written, and illustrated by a large number of 
diagiurns. Magazine. 

VI. Practical Physics. By W. R. Bower, A.R.C.S., and J. 
Satterly, D.Sc., M.A. 4s. 6d. 

Great pains have evidently been taken to secure efficiency, and the result is a 
text-book which merits gi^eat praise.” — Nature. 


The New Matriculation Heat : The New Blatriculation Light : The 
New Matriculation Sound. By R. W. Stewart, D.Sc. 2s. 6d. 
each volume. 

“ The treatment is lucid and concise, and thoroughly in accordance with tlic most 
recent methods of teaching elenientaiy physics.” — Nature. 

Electricity, Technical. By Professor K. T. Davidge, B.Sc., 
M.I.K.E., and R. W. Hutciiin.son, B.Sc. 2nd Ed. 4s. 6d. 

' A most desirable cddibination of sound instruction in scientific principles and 
engineering practice. News. 

Magnetism and Electricity, Matriculation. By R. H. JuoE, 
M.A,, D.Sc., and John Satterly, M. A., D.Sc. 4s. 6d. 

Altogether the book is a distinct advance on many otlier similar publications, 
and it can- be thoroughly recommended.” -Electrician. 

Heat, Theoretical and Practical, Text-Book of. By R. W. 
Stewart, D.Sc., and John Satterly, D.Sc., M.A. 4s. 6d. 

A new book of “ Intermediate ” standard. 

The treatment throughout is all that could bo desired. The authora are to be 
congratulated on having procured a text-book which so admirably combines theory 
and pitwtice.” — Schoolmaster. 



THE UmVERaiTY TUTORIAL SERIES. 


7 


Cbeinistri?, etc. 

The Tutorial Chemistry, By G. H. Bailkv, D.So., Ph.D. Edited 
by Wm. Bkig«s, LL.D., M.A., B.Sc., F.US. 

Part I. Non-Metals. Fmirth Edition, 3a. 6cJ. 

Part 11. Metals and Physical Chemistry. Stc. Ed. 4s. 6d. 

The leading truths and laws of chemistry are here expounded in a most masterly 
manner ." — Chemical Neiea. 

Chem istr y for M at ricula ti on.* By G. H. Bailey, D.So., Ph.D., 
and H. W. Bausok, M.A. 5s. Od. 

“ It affords just that ^yateraatic courso which is so essential to young students. 
. . . Matriculation Students wll find this work admirably suited to their lequire- 
mcnts. -fichoohnaater. 

Senior Chemistry. By H. Bajlky, D.Se., Ph.D., and II. W. 
Bai sok, M.A. 48. hd. 

For the Cambridge Senior Local Examination. 

Chemical Analysis, Qualitative and Quantitative. By Wm. 
BlUCidS, L1..1)., M.A., B.Sc., F.C.S., and R. W. Stkwakt, 
D.Sc. Fourth Edition. 39. 6d. 

The Junior Chemistry. By R, H. Adie, M.A., B.So., Lecturer in 

Chemistry, St. John’s Colhige, Cambridge. Second Edition. 
2a. Od. * 

A course of combined theoretical and practical work covering 
the requirements of the Oxford and Cambridge Junior Locals. 

" A useful and practical (;uui'se, constnicted on thoroughly scientific principles.** 
— Oxford Magazine. 

The Elements of Organic Chemistry. By E. I. Lewis, B.A., B.SSc., 
Science Master at Oundlc School. 23. 6d. 

“ A useful book containing many well selected typical experiment^ The 
directions are clearly and carefully given.**— Secondari/ Jiducation. 

Systematic Practical Organic Chemistry. By G. M. Nobman, B.Sc., 
F.C.S. Second Edition. Is. 6d. 


Perspective Drawing, The Theory and Pl*actio6 of. By S. Polak, 
Art Master, os. 

A complete course of instruction covering the requirements of the 
Board of Education Syllabus in Perspective Drawing. 

Science German Course. By C. W. Paget Moffatt, M.A., M.B., 
B.C. Seemd Edition. 3s. 6cL 

‘ • Provides a convenient means of obtiuning sufficient a^uaintance with the German 
language to read simple scientific descriptions in it with intelligence.”— A'ature. 


* Sets of apparatus and reagents are supplied specially designed for use with thia 

book— Set A, IBs. fid. net ; Set B, £2 net. 
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fvcncl). 

Junior French Course. ^ E. Weekley, M.A., Professor of 
French at Unk’ersity College, Nottingham, and Examiner in 
the University of London. Second Edition. 2s. 6d. 

“Diatinctlj an advance on similar oourses. ’’—/ournaf €\f Education. 

The Matriculation French Course. By E. Weekley, M.A. Third 
Edition. 3s. 6d. 

*‘The rules are well expressed, tlie exercises appropriate, and the matter accurate 
and well arranged." — Guardian. 

French Accidence, The Tutorial. By Ernest Weekley, M.A. 
With Exercises. Third Edition. 3s. 6d. 

« We can heartily recommend it." — Schoohna^Ut. 

French Syntax, The Tutorial. By Ernest Weekley, M.A., and 
A. J. Wyatt, M.A. Second Edition. With Exercises. 3s. 6d. 
" It is a decidedly good book."— ^J'ttordian. 

French Grammar, The Tutorial. Containing the Accidence and the 
Syntax in One Volume. Second Edition. 4s. 6d. Also the 
Exercises on the Accidence^ Is. 6d. ; on the Syntax, Is. 

Groundwork of French Composition. By E. Weekley, M.A. 2s. 

‘'Sets forth the chief rules clearly and simply." — Guardian. 

French Prose Composition. By E. Weekley, M.A. With Not(» 
and Vocabulary. Third Edition, Enlarged. Ss. 6d. 

“The arrangement is lucid, the rules clearly expressed, the suggestions really 
helpful, and the examples carefully chosen."— ifcZucationo^ TItmc, 

Senior French Unseens. By L. J. Gardiner, M.A. Is. 

A collection of passages for practice in translation at sight. The 
extracts are of the length and standard of difficulty usual at the 
Cambridge Senior Local Examination. 

Junior French Reader. By E. Weekley, M.A. With Notes and 
Vocabulary. Second Edition. Is. 6d. 

< * A veiy useful first reader with good vocabulary and sensible notes. "—Schoolmcuter. 

French Prose BeadepT By S. Barlet, B. ds Sc., and W. F. 
Masom, M.A. With Notes and Vocabulary. Third Edition. 
2s. 

“Admirably chosen extracts .”— Oovmimmt Chronicle. 

Matriculation French Reader. Containing Prose, Verse, Notes, 
and Vocabulary. By J. A. Perret, late Examiner in French 
in the University of London. 2s,^ 6d. 

“ We can recommend this book without reserve.*'— World. 

Higher French Reader. By E. Weekley, M.A. Second Edition. 
3s. 6d. 

“ Tlie passages are well chosen."— Jounio^ (V Ed'ueatUm. 
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]£ndlt0b Cla00ic0. 

Burke. — ^ReYolution in France. By H. P. Ada^s, M.A. 2a. 6cl. 

Chaucer.— Canterbury Tales. By A. J. WyATT, M.A. Witli 
Glossary. Prologue. Is. E^hVs Tale, Nun's Priest’s Tale, 
Man of Law’s Tale, Squire’s Tale. Each with Prologue, 2s. 6d. 
Pardoner’s Tale. By C. M. Brennan, M. A., and A. J. Wyatt, 
M.A. 28. 6d. 

Cray. — Poems. By A. J. F. Collins, M.A. 2s. 6d. 

Johnson.— Life of Milton. By S. E. Goggin, M.A. Is. 6d. 
Johnson. — ^Basselas. By A. J. F. Collins, M.A. 2s. 

Keats. — Odes. By A. R. Weeke.s, M.A. Is. 6d. 

Langland. — Piers Plowman. Prologue and Passua I. -VII. By J. F. 
Davis, D.Lit., M.A. 4s. 6d. 

Milton.— Early Poems, Comus, Lycidas. By S. E. Coggin, M. A., 
and A. F. WATT, M.A. 2s. 6d. Areopagitica. Is. 6d. 
Comus. Is. Lycidas. Is. 

Milton.— Paradise Lost, Books I., II. By A. F.Watt, M.A. Is. lid. 
Books IV., V, By S. K. Goggin, M.A. Is. 6d. Books V., VI. 
By A. J. F. Collins, M.A., and S. E. Goggin, M.A. Is. 6d. 
Milton. — Paradise Regained. By A. J. Wyatt, M.A. 2s. 6d. 
Milton.— Samson Agonistes. By A. J. Wyatt, M.A. 2s. 6d. 
More.— Utopia. By R. R. Rusk, Ph.D. 2s. 

Pope. — Rape of the Lock. By A. F. Watt, M.A. Is. 6d. 

The Tutorial Shakespeare : Each Play, 2s. 

As 7ou Like It. By A. R. Macbeth. Merchant of Venice. 

Weekes, M.A. By S. E. Goggin, M.A. 

Coriolanus. By A. J. F. Col- Midsummer Night’s Dream. 

LINS, M.A. By A. F. WATT, M.A. 

Hamlet. King Lear. By S. E. Much Ado about Nothing. 

Goggin, M.A. By S. E. Goggin, M.A. 

Hmiy Y. By A. J. F. Col- wohardH. By A. F. Watt, 

LINS, M.A. M.A. 

Julius Caesar. By A. F. The Tempest. By A. R. 

Watt, M.A. Weekes, M.A. 

Shakespeare. By Prof. W. J. Bolfe, D.Litt. In 40 volumes. 

Tbe Plays (including Two Noble Kinsmen) at 28. 0d. each. Also Sonnets, 2 b. 6d. 
Venus and Adonis, 2s. 6d. 

Shelley.— rAdonais. By A. B. Wbbkes, M.A. Is. 6d. 

Spenser.— Faerie Queene, Book I. By W. H. Hill. M.A. 28. 6d. 
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j£ndli0b Xanoundc anb Xlterature. 

The English Language : Its Histor^^ and Structure. By W. H. Low^ 
M. A. With Questions. Sixth Edition^ Eevhed, 3s. 6d. 

“A clear workmanlike history of the Knglish language done on uoiind principles.'* 
—Haim'day Review. 

The Matriculation English Course. By W. H. Low, M.A., and 
John Bhiggs, M. A., F.Z.S. Third Edition. 3s. 6d. 

Contents. — H istorical Sketch — Sounds and Symbols — Outlines- 
of Accidence and Syntax — Common Errors — Analysis — Parsing— 
I'lie Word, the Sentence, the Paragra]>h — Punctuation — Rules for 
Composition — Sim pie Narrative — Coinjiouiul Narrative — Descriptive 
Composition — The Abstract Tlieme -'JMie Essay — Paraphrasing — 
Precis- Wri ting - Styk^ and Diction — Prosody — Index. 

“ The matter is clearly arranged, concisely and intelligently put, and marked by 
accurate sehoiarship and comiiiun-Hense."— O'lmrt/ntw. 

English Literature, The Tutorial History of. By A. J. Wyativ 
M. A. Third Edition^ continued to the premiit time. fid. 

“ Tliis is undoubte<lly the beet, school history of literature that Ims yet come 
under our notice.’’— 

“The Bcliuiiie of the book is clear, proiK>rtionaJ, and scientific.” — Academy, 

“ A sound and scholarly woik.” — St. James's Gazette. 

English Literature, The Intermediate Text-Book of. By W. H. 
Low, M.A., and A. J. WYATT, M.A. fis. fid. 

“ llcully judicious in the selection of the details given.”— .Satuj'dfo/ Review. 

“ Well-infonned and clearly written.” — Journal of Jiducation. 

“ The historiciil part is concise and clear, but the criticism is even more valuable, 
and a number of illustrative extracts contribute a most useful feature to the 
volume. ” — School World. 

An Anthology of English Verse. With Introduction and (Glossary. 
By A. J. Wyatt, M.A., and S. Fj. Coggin, M.A. 2s. 

For use in Trainiiiff Colleges and Secondary Schools. The ex- 
tracts have been seleicted as re]jresenlative of Phiglish verse from 
Wyatt to the present time (exclusive of drama). 

“ We look upon this collection as one of the best of its kind." — I'eachers' Aid, 

Precis- Writing, A Text-Book of. By T. C. Jackson, B.A., LL.B., 
and John Briggs, M.A., F.Z.S. 2s. fid. 

- In writing this text-book, the authoi’s have aimed at increasing 
the educational value of Precis- Writing by giving a more sys- 
tematic and a less technical treatment to the subject than is usual. 
“Admirably clear and businesslike." — Guardian. 

“Thoroughly practical, and on light lines educationally.”— 5c/too2 World. 
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IpbUoeopbij, 

Ethics, Manual of. By J. S. Mackenzie, Litt.D., M.A., formerly 
Fellow of Trinity College, Cambridge. Fourth Edition. 6s. 6d. 
Tn writing this book Mr. Mackenzio has producoil an earnest and striking con- 
tribution to the ethical literature of the time.’' — Mind. 

Logic, A Manual of. By J. Welton, M. A. , Professor of Education, 
University of Leeds. 2 vols. Vol. I., 8s. 6d. ; Vol. IJ., Os. Od. 
“A clear ami coiuiieiuliousBumTuapy of the views of various thinkers on important 
and doubtful points." — Jowr/taL of Education. 

Logic, Intermediate. By Professor James Welton, M.A., and 
A. J. Monahan, M.A. 7s. 6d. 

“Clearly stated, as a treatise dealing with the laws of thought ought to be, tliis 
book may be commended as a pivactical and workmanlike guide t<j its subject.” — 
Scotsman. 

Psychology, The Groundwork of. By Professor G. F. Stout, 
M.A., LL.l)., Fellow of the British Academy. 4s. 6d. 

“ All students of })liiloi«u))hy, both beginners and those who would describe them- 
selves as ‘advanced,’ will do well to ‘i^ead, mark, learn, and inwardly digest' this 
book . ” — OjJoiyl Mnijmhte. 

Psychology, A Manual of. By G. F. Stout, M.A., LL.]). 8s. 6d. 

“Tliere is a refreshing .absence of sketchiness about the book, and a clear desire 
manifested to help the student in the subject.” — Saturday KevUw. 

flDobern Ibietor^ anb donstitution. 

Earlier History of England. (To 148/5.) By C. S. Fearknstde, 
M.A. 6d. 

“ An excellent text-book for the upper fonus of a school.” — Journal of Education. 
Matriculation Modern History. Being the History of England 
1485-1901, with some reference to the Contemporary History of 
Eurojie and Colonial Developments. With Biographies, Map.s, 
and Plans. By C. S. Fe AREN SIDE, M.A. 4.s. iid. 

Also in Two Parts, viz. Modem History of England, Part I., 
1485-1714, 2s. 6d. ; Modem History of England, Part IL, 
1688-1901, 2s. 6d. 

“A work tluit gives evidence of scholaiisliip and clever adaptability to a special 
purpose. ” — Guardian. 

Groundwork of English History. By M. E. Carter. 2s. 

“ It presents the salient facts of English History in a readable but definite form, 
unenoiunbered with irrelevant detail.” — SekoolnuMter. 

School History of England. By M. E. Carter. In One Volume. 
3s. 6d. 

Also in Three Parts :—(!) To 1603. (2) 1485 to 1714. (3) 1660 to 
1910. la. 6d. each part. 

Government of the United Kingdom. By A. E. Hoqan, LL.D. 2s. 6d. 

Contents.— -Introduction — Legislature — Executive — Judicial 
System — Local Government— Imperial Government. 
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(Beodrapb^. 

A Text-Book of Qeopraphy. By G. C. Fry, M.So., F.I.C. Second 

JUdUiony Revised aivd Enlarged, 4s. 6d. 

This book is intended for use in the upper forms of schools and by 
candidates for London University Matriculation, the Oxford and 
Cambridge Locals, and other Examinations of similar standard. 

It deals with both General and Regional Geography. In 
Regional Geography the natural features are first dealt with and 
then the political facts that are the outcome of these features. 

“ The compilation is by no means one of mere geographical facts ; the * why ’ and 
the ‘wherefore* are eveiywhere in evidence — the subject is, indeed, presented 
scientifically. ’* — SchoolnMHer. 

<‘lt is one of the most scientific and rational text-books yet published."— 
SdticaticncU News. 


IRoman anb (5reeh Ibistorv. 

The Tutorial History of Borne. (To 37 A.D.) By A. H. Allcroft, 

M.A., and W. F. Masom, M.A. With M^s. Fourth Edition^ 
Revised aiul in part Rewritten, Ss. fid. Or in Two Vols., 2s. 
each : Vol. L, to 133 B.C. ; Vol. II., 133 B.C.— 37 A.D. 

“ It is well and clearly written." — Saturday Review. 

“ A distinctly good book, full, clear, and accurate." — Guardian. 

The Tutorial History of Greece. (To 323 ii.c.) By Prof. W. J. 
WOODHOUSE, M.A. 4s. fid. 

yProf. Woodliouse is exceptionally well qualified to write a history of Greece, 
and he has done it well.’’— World. 

A Longer History of Borne. By A. H. Allcroft, M.A., and 
others (each volume containing an account of the Literature of 
the Period) — 

390—202 B.C. 3s. fid. 78—31 B.C. 3s. fid. 

202—133 B.C. 3s. fid. 44 B.G.— 138 A.D. 3s. fid. 

183— 78B.C. 38. fid. 

** Written in a clear and direct style. Its authors slio w a thorough a^uaintsnoe 
with their authorities, and liave also used the works of modem historians to good 
effect." — Journal of Rducation. 

A Longer History of Greece. By A. H. Allcroft, M.A. 
(each volume containing an account of the Literature of the 
Period) — 

To 495 B.C. 3s. fid. " 404—362 B.C. 3s. fid. 

496—481 B.C. 3s. fid. 862—328 B.C. 3s. fid. 

440—404 B.C. 3s. fid. Sioily, 491—289 B.G. 3s. fid. 

'*The authors have apparently spared no pains to make their work at onoe oom* 
prdbensive and readable.^’ — Schoolmaster. 
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ILatin an^ (Breeli. 

Gbammars akd Reader^. 

Junior Latin Course. By B. J. Hayes, M. A. 2a, 6d. 

**A good practical guide. The principles are sound, and the rules are elearly 
stated.^— Adwcational I'imet. 

The Tutorial Latin Grammar. By B. J. Hayes, M.A., and W. F. 
Masom, M.A. Fourth Edition^ 3s. 6d. 

“ Accurate and full without being overloaded with detail." — Sehoolmoiter, 

Latin Composition. With copious Exercises and easy continuous 
Passages. By A. H. Allgroft, M.A., and J. H. Haydon, 
M.A. Sixth Edition^ Etdarged, 2&, 6d. 

“ Simplicity of statement and arrangement, apt examples illustrating each rule, 
exoeptions to these adroitly stated just at the proper place and time, are among some 
of die etoiking oharaoteristics of this excellent hoo'k.—Schoolmtuter, 

Higher Latin Composition. By A. H. Allcroft, M.A., and 

A. J. F. Collins, M.A. 3s. 6d. 

**MoBt attractive ; an excellent presentation of differing idioms." — Guardian, 

Junior Latin Reader. By E. J. G. Forse, M.A. Is. 6d. 

Hatrioulation Selections from Latin Authors. With Introduction 
(History and Anticmities), Notes, and Vocabulary. By A. F. 
Watt, M.A., and B. J. Hayes, M.A. 2s. 6d. 

** It is quite an interesting selection, and well doika,**^School World, 

“ The notes are brief and to the purpose. of Education, 

Matriculation Latin Construing Book. By A. F. Watt, M.A., and 

B. J. Hayes, M.A. A guide to the construing of the Latin 
period and its translation into English. 2s. 

*' One of the most useful text-books of this practical series .” — School Guardian, 

The Tutorial Latin Reader. With Vocabulary. 2s. 6d. 

A soundly pnictioal work."*— Uuorifian. 

Advanced Latin Unseens. Edited by H. J. Maidmbnt, M.A., and 
T. R. Mills, MtA. Second Edition^ Enlarged, 3 b, 6d. 

“Contains some good passages, which have been selected from a wider iield than 
tliat previously exploi'ed by siniilai' manuals ." — Cambridge Review, 

The Tutorial Latin Dictionary. By F. G. Plaistowe, M.A., late 
Fellow of Queens’ College, Cambridge, 6s. 6d. 

“ A sound school diotionaTy."— ^«aiber. 

Advanced Greek Unseens. Second-Edition, Enlarged, 3a, 6d. 

The Tutorial Greek Reader. With Vocabularies. By A. Waugh 
Young, M.A. Third Edition, Enlarged, 2s. 6d. 



14 


THE UNIVERSITT TUTORIAL SERIES. 


£Dltion6 Of Xatin anD (3reeK Claesica, 

7%e Text is in all cases accompanied by Introduction and Notes; boohs 
marked {*)ji<yntain also an alphabetical Lexicon. 

The Vocabidames are in order of the text and are preceded by Test Papers. 



Text. 

Voc. 

Aote of Apostles. 

... 

1/0 

Aeschylus— 



Eunienides. 

36 

I/O 

Persae. 

3/6 


Prometheus Vinctus. 

2/6 

i/0 

Septem contra Thebaa. 

3/6 

1/0 

Aristophanes— 



Kanae. 

3/6 


Caesar— 



Civil War, Book 1. 

1/6 

• •• 

Civil War, Book 3. 

2/6 

1/0 

Gallic War, Books 1-7. 



(each) 1/6 

1/0 

Oallio War, Book 1, 



Ch. 1 to 29. 

1/0 

... 

The Invasion of Britain. 1/6 

I/O 

Gallic War, Book 7f Ch. 


1 to 68. 

1/0 

... 

Cicero— 



Ad Attioum, Book 4. 

3/6 

... 

De Amicitia.. 

*1/6 

1/0 

De Finibus, Book 1. 

2/6 


De Finibus, Book 2. 

3/6 

... 

De Offioiis, Book 3. 

3/6 

1/0 

De Seneotute. 

•1/6 

1/0 

In Catilinam I. -IV. 

2/6 


i..ir. 

«l/6 

i/0 

„ I., III. (eaoK)l/6 

1/0 

„ I. and IV. 

1/6 


Philippic 11. 

2/6 

i/o 

Pro Arohia. 

1/6 

10 

Pro Balbo. 


1/0 

Pro Cluentio. 

3/6 

1/0 

Pro Lege Manilia. 

2/6 

1/0 

Pro Maroello. 

1/6 

1/0 

Pro Miione. 

3/6 

1/0 

Pro Planoio. 

3/6 

1/0 

Fh> Rosoio Amarina 

2/6 

1/0 


CURTIUS— 

Book 9, Ch. 6-end. 


Demosthenes— 

Androtion. 


Text. Voc. 

1/6 ... 

4/6 ... 


Euripides— 

Alcestis. ' 

Andromache. 

Bacchae. 

Hecuba. 

Hippolytua. 
Iphigenia in Tauris. 
Medea. 

Herodotus— 

Book .S. 

Book4, Gh. 1-144. 
Book 6. 

Book 8. 


1/6 1/0 
‘3/6 ... 
3/6 1/0 
3/6 ... 
36 10 
36 1/0 
2/0 ... 


4/6 1/0 
4/6 1/0 
2/6 1/0 
3/6 ... 


Homer— 

Iliad, Book 6. ... 1/0 

Iliad, Book 24. 3/6 ... 

Odyssey, Books 9, 10. 2/6 ... 

Odyssey, Books 11, 12. 2/6 ... 
Odyssey, Books 13, 14. 2/6 ... 
Odyssey, Book 17. 1/6 1/0 

Horace— 

Epistles (including Ars 
Poetica}^. 4/6 ... 

Epistles (excluding A.P. ) ... 1/0 
Epodos. 1/6 ... 

Odes, Books 1-4. *3/6 ... 

Separately, each Book *1/6 1/0 
Satires. 3/6 1/0 

Isocrates— 

DeBigia 2/6 



TSS mflVEBSITT TUTORIAL aSBlEU. 


£Mtfone of Xatiii ati& ®reeh ciaooico— c<M»ii»uerf. 


Text. Voc. 

Juvenal— 


Satires 1, 3, 10, 11. 

3/6 


Satires 1, 3, 4. 

3/6 


Satires 8, 10, 13. 

2/6 


Satires 11, 13, 14 

3/6 


Livy— 



Books 1, 5. (each) 

2/6 

1/0 

Book 2, Ch. 1-50. 

2/6 

1/0 

Books 3, 6, 9. (each) 

36 

1/0 

Book 9, Ch. .1-19. 

1/6 


Book 21, Ch. 1-30. 

1/6 


Books 21, 22. (each) 

2/6 

i/6 

Lucian— 



Charon and Fiscator 

... 

1/0 

Lysias— 



Eratosthenes. 

2/6 


Eratosth. and Agoratus. 


1/0 


Kkpos— 


Hannibal, Cato, AtticiiB. 1/0 
Ovid— 

Fasti, Books 3, 4. 2/6 1/0 

Fasti, Books 6, 6. 3/6 1/0 

Hei-oides, I-IO. 3 6 1/0 

Heroides, 1, 2, 3, 5, 7, 12. 1/6 

Heroide8,l,5,12,l 6; 12, 1/0 
Aletaiuorphnscs, Book I, 
lilies MnO; Book 3, 
lines 1-250, 511-733; 

Book 5, lines 385-550. 

(each) 1/6 

Book 11. ... 1/0 

B0okll,lines410-748. 1/6 ... 
Books 1.3, 14. (each) 1/6 1/0 
Tristia, Books 1,. 3. (each) 1/6 1/0 

Plato— 

Phaedo, 3/6 ; Apology. 3/6 1/0 
CSfito. 2/6 1/0 

Crito and Euthvphro. 2/6 ... 

^ ]Suthyphro and Mene- 
, kenus. 4/6 ... 

Ion, Laches. (each) 3/6 1/0 



Text. 

Voo, 

Sallust— 



Catiline. 

1/6 

1/0 

Sophocles— 

Ajax. 

3/6 

1/0 

Antigone. 

2,6 

1/0 

Electro. 

3/6 

1,0 

Tacitus— 

Agricola. 

2/6 

1/0 

Annals, Book 1. 

2 6 

1/0 

Annals, Book 2. 

26 

Germania. 

2/6 

i/0 

Histories, Books 1, 3. 

(each) 

3/6 

1/0 

Terence— 

Adelphi. 

3/6 

... 

Thucydides— 

Book 7. 

3/6 

... 

Veucil— 

Aeneid, Books 1-8. (each)#! /6 

1/0 

Books 7-10. 

3/6 

Book 9. 

*1/6 


Books 9, 10. 

1/0 

Book 10. 

♦i’b 

Book 11. 

*1,6 

i/b 

Book 12. 

♦16 

Eclogues. 

2/6 

i/b 

Georgies. 

4/6 

Georgies, Books 1 and 2. 

3/6 

i/b 

Georgies, Books 1 and 4. 

1/6 

1/0 

Georgies, Book 4. 

1,6 


Xenophon— 

Anabasis, Book 1. 

1/6 

1/0 

Anabasis, Book 4. 

1/6 

Cyropaedeia, Book 1. 

1/6 

i/b 

Cyropaedeia, Book 5. 

1/0 

Hellenioa, Books 3, 4. 

(eaoh) 

1/6 

*•( 

Memorabilia, Book 1, . 

3/6 

1/0 

Oeoonomieus. 

4/8 

l}o 


A detailed eaialogue of the above can be obtained on appliodUion, 



TBS ' UmVERSlTr TUTORIAL SEIOJIS? ^ 

XLbe TUnivereit^ ^Tutorial Seriea. 

Oemral Editor: Wm. IJRKJfss, LL.D., D.C.L., M.A., B.So., 

Priiiciptil of' Vnirn'fity Corrtitpondtnct Colltgt, 

The object of the Unjvkrsity TUTORIAL SERIES is to provide 
candidates for examinations and learners generally with toxt^books 
whicli shall convey in the simplest form sound instruction in accord- 
ance with tlie latest results of scholarship and scientific resbaroli. 
Important points are fully and clearly treated, and care has been 
taken not to introduce details which are likely to perplex the be- 
ginner. 

The Publisher will be happy to entertain applications from 
Teacliers for Specimen Copies of books mentioned in this List. 


SOME PRESS OPINIONS, ■ 

*'Tlna series ia succussful in hitting; its mark and RU))p)yihg mnoh help to 
etndeiits in pJaces where a guiding haud is sorely needed.” — Journal cf liducation. 

**Many editors of more pretentious books might study the methods of Uie ‘ Uni- 
versity tutorial Series’ with pivtit." — GuanVmii. 

“Tlie ‘Univensity Tutorial Series’ is fuvounihly known for its pruotioal and 
workmanlike methods." — Public Hrhoob War Book. 

• *'Tho aeries is eminently successful.”— 

“ Tlio classical texts in this aeries are evlited by men who are thoivughly mastera 
of their craft."- .SUftt?’day 

“The competent manner in whicli the rolnmes r)f this series ara edited is now 
well known and generally recognised.”— yidwcaiionai 

“This useful series of text-books.” — Nature. 

“Any books published in this series are admirably adapted fur the needs of the 
large class of students for whom tliey are intended. Review, 

“ OleaiiicsH in statement and onlerlincss in arrangement characterise the publicar 
tions of the University Tutoiial ri-ess.” — Oxford Magazine. 

“ All books^hich issue from the * University Tutorial Press ' are both scholarl)^: 
and practical ." — Wextmlnster Review. 

“ Tiie merit of tins series of puhlications consists in the workmanlike execution 
of an orderly iiractlcal \>la.n." -School Qovevnmeni Chrohidf. ■ >i.. : • 

“The books of the ‘ TTniversity Tutorial Series’ have deservedly won a 
. reputation for sound scholarship, clear atid orderly arrangement and presentatipj^ 
apd practical and upr to-date methods. "—itecjbwn. 

“ The more we see of the.so excellent ni^iials the more highly do we think of 
. .them."— ■■ . sv 
vi “Such text-books are iinmeasurably to tlie heavy tomiM, overburdeniedl 

v ^th extraneous matter, w'ith whicli bo?^i^;a^lil*vious generatM were famil^;^ 
%!>r^^hoot Otiardian. 






